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The Economic Relevance of Nonmaterial Values: 



The purpose of this book is to prove that nonmaterial values contribute 
essentially to the ultimate source of economic growth. This entails a careful 
mathematical study of knowledge-based societies with economies defined by 

(1) the increasing returns to scale due to the effects of progress in exact 
science and technology on the output of economy in the long run, and by 

(2) the pursuit of such knowledge and of other nonmaterial values as 
economic utilities in addition to the pursuit of material values. 

The point (1) excludes, since research is a nonrival good, the growth mod- 
els with rival goods only, such as the linear models of endogeneous growth 
(as discussed for instance by Barro and Sala-i-Martin^ and Rebelo^). Here 
the ’mechanism of economic development’ suggested by Robert E. Lucas^ 
will be chosen and generalized. 

The point (2) indicates the direction of the generalization. The relevance 
of nonmaterial values in the long-term economic development will be realized 
by introducing a leisure term, with an unbounded value function^ to utility 
function in the Lucasian mechanics, in addition to the usual consumption 
term indicating the pursuit of material values. This choice accordingly de- 
fines nonmaterial values as values pursued outside the time that is reserved 
for the pursuit of material values and represented by the working time. 

The choice thus made for the representation of nonmaterial values in 
economics expands greatly the range of facts covered by the theory. The 
interaction between material and nonmaterial values appears as the primary 
source of economic growth and produces also the business cycles as a nat- 
ural part of growth. The theory predicts the data on the business cycles 
better than do the conventional real-cycle models (Chapter VII). It also 
gives, in addition to the usual balanced-growth path, another basic growth 
path whose existence is verified by empirical data (p.67). 

What is usually represented by RD-factors and implies innovations moti- 
vated by monopoly profits'^ refers to the work done in the pursuit of material 
reward but surely involves also the pursuit of ’pure ideas’ in the leisure time 

^ Barro, R.J. and X. Sala-i- Martin, Economic Growth, McGraw-Hill, New York 1995. 

^Sergio Rebelo, Long-run policy analysis and long-run growth, Journal of Political 
Economy 99, June 1991, 500-521. 

^ Lucas, Robert E. Jr, On the mechanism of economic development. Journal of Monetary 
Economics 22, 1988, p. 3-42. 

^ These factors are emphasized for instance by P.M. Romer, The origins of endogeneous 
growth. Journal of Economic Perspectives 8, 1994, p.3-22. 
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THE RELEVANCE OF NONMATERIAL VALUES 



and thus a nonmaterial value. Therefore it is part of what is in the present 
theory represented by the interaction of material and nonmaterial values. 

Part 1 is an introduction to the concept of nonmaterial value. It intro- 
duces the distinction between nonmaterial values of the supply side, such 
as the pursuit of objective knowledge in exact science and technology, and 
nonmaterial values of the demand side as pursued in the cultural life such 
as the arts, politics, philosophy, and humanistic and social sciences. 

Part 2 gives the mathematical extension of the Lucasian ’mechanics of 
economic development’ to nonmaterial values, and derives the consequences 
indicating the effects of nonmaterial values on economic growth and the busi- 
ness cycles in the long-term economic development. This Part reproduces 
an earlier technical study of the present author^, with some additions. 

Part 3 offers a historical discussion of the mutual relations between eco- 
nomic development and nonmaterial values through the ages. For this pur- 
pose an entropy formalism is introduced, not useful in economics proper, but 
building a frame of reference in terms of which both economic development 
and the development of nonmaterial values can be symbolically represented 
and related to each other. The analysis suggests that in a surviving soci- 
ety certain upper and lower limits of individual freedom, and thus of other 
nonmaterial values, are functions of the degree of attained endogeneous eco- 
nomic growth. Considered in the very long run, as they are in Part 3, all 
these societies showing endogeneous economic growth are ’knowledge-based’ 
in the sense that the periods of their endogeneous economic growth depend 
on some cognitive innovations, however rare ones. 

If there is no endogeneous economic growth, the society is shown either 
to disintegrate or to develop a strict hierarchical internal order. Even in this 
case there may be some economic growth, but then it has been acquired, 
for instance, by conquering lands and possibly suppressing their peoples to 
servitude, as it often happened in the archaic world. 

Part 3 accordingly applies a mathematical tool to economic history in 
the grand scale, beginning from the archaic societies and ending with the 
modern Western ones. It is hoped that the three Parts of this book, entirely 
different in their methods, could help the understanding of each other. 

Arvid Aulin 

Professor of Mathematics and Methodology 

The Finnish Academy of Science and Letters 



^Causal and Stochastic Elements in Business Cycles, Lecture Notes in Economics and 
Mathematical Systems No. 431, Springer- Verlag, Berlin-Heidelberg-New York 1996. 
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AN INTRODUCTION TO 
NONMATERIAL VALUES 




I 

KNOWLEDGE AS THE BASIC NONMATERIAL VALUE 
OF THE SUPPLY SIDE 

1. Human Capital as Accumulated Exact Knowledge 

In economics human capital is defined as a factor of production. It stands 
for the economically profitable average knowledge and skills of labour force 
in society. But it is next to impossible to tell which part, for instance, of 
scientific knowledge will be economically profitable in future. Therefore we 
shall study in Part I a generalized concept of human capital as a nonmaterial 
value of the supply side. 

The beginning of the period of a more or less permanent endogeneous 
economic growth in the advanced countries roughly coincides historically 
with the birth of exact natural science in its modern sense. Both the endo- 
geneous economic growth and a large-scale accumulation of exact knowledge 
in natural science started within the Western civilization. Both of them had 
their roots in the early Middle Ages of European history, but attained their 
full bloom later in what has been called the Modern Times. 

First, in the 18th and 19th centuries maturated exact natural science, in 
particular physics and chemistry. The endogeneous economic growth seems 
to have stabilized in the 19th and 20th centuries, if we are speaking of the 
industialized nations. The more advanced is the society, the closer link there 
seems to be between the growth of knowledge in science and the growth of 
economy, the former preceding the latter. This suggests a 

generalization of human capital iTom a concept with purely eco- 
nomic contents to a concept referring to the accumulated exact 
scientific knowledge and to the skills based on it. 

Caution is called for: here only the type of knowledge that is repeatedly 
verified and accumulating should be included. 

The prototype and also the core of all accumulating exact scientific 
knowledge is the fundamental theoretical knowledge included in the math- 
ematical sciences. Here the accumulation of the theoretical knowledge con- 
cerning the causal explanation of observed phenomena is seminal. The ac- 
cumulation of this kind of fundamental theoretical knowledge is striking in 
the basic natural science, physics. 

Thus, for instance, classical physical theory was generalized by Einstein’s 
theory of relativity in a way that retained the old theory valid in a special 
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case, viz. for low velocities. Thus the magnitude of theoretical knowledge 
was accumulated: the new theory only added something to the earlier bulk 
of theoretical knowledge, not refused it. 

We meet a similar accumulation of the existing knowledge in another case 
in point, viz. in quantum theory. This too was a generalization of classical 
(’’Newtonian”) physical theory but in another direction, from macrophysics 
to microphysics. Classical theory remained valid in macrophysics. Thus 
again the fundamental physical theory was accumulated: nothing had been 
taken out of the earlier knowledge, only new fundamental elements were 
added to the bulk of causal knowledge now understood in a probabilistic 
sense: the changes of quantum states, like those of classical physical states, 
are defined by deterministic causal recursions but the definition of a quantum 
state itself is probabilistic. Or, speaking in mathematical terms, a later state 
of a quantum-theoretical system can still be defined as a function of an earlier 
state, but this function itself is defined on a set of probability distributions. 

We shall later revisit in more detail the development of theoretical knowl- 
edge in exact sciences. So far it suffices to say that the accumulation of fun- 
damental theoretical knowledge in all exact sciences, both in mathematics 
and in exact natural sciences, is based on generalizations of mathematically 
formulated theories. 

Obviously the economically profitable part of human capital is just a part 
of the total human capital of society. But nobody can tell in advance which 
part it is: any part of human capital is potentially economically profitable, 
directly or indirectly. This is why there cannot be such a thing as a ’’purely 
economic” theory. 

Thesis 1. Economic development must be seen in a wider con- 
text of human development in which the accumulation of exact 
scientific knowledge plays a central role. 

2. The Formation of Exact Scientific Knowledge 

1. The strategy of mathematical generalization. One of the most 
striking features connected with the fundamental theories of exact sciences, 
both in ’’pure” mathematics and in exact natural sciences, is that they have 
been acquired by means of an approach that could be called a strategy of 
mathematical generalization. 

Those fundamental theories have never been made to order, nor to re- 
spond to any practical challenge. Instead they have been created by follow- 
ing the inherent logic of available mathematical tools, asking: What general 
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theorems and laws pertaining to the whole field of research in question can 
possibly be formulated in terms of the still more general assumptions under- 
lying the existing tools of mathematical thought? This is the general idea 
of what was called above the strategy of mathematical generalization. 

In mathematics, this simply means reformulating a particular theory, 
or a set of particular theories, in terms of concepts pertaining to a more 
general mathematical theory, thus disclosing relations and laws that were 
not known as far as one was limited to each of the particular theories in 
question. Still those particular theories remain valid in special cases: A more 
general mathematical theory never refutes the earlier less general theories, 
whose generalization it is. 

In the exact ”real” sciences, whose theories are given a mathematical for- 
mulation, the idea of mathematical generalization also involves a convention 
concerning the set of the real-world objects, to which the theory is meant 
to be applied, viz. the following one: The fundamental theories do not give 
a full description of any particular system S of real-world objects, but they 
define common properties of a very large set of such systems, either accurate 
common properties (e.g. the law of conservation of energy) or approximate 
ones (e.g. the theory of harmonic oscillators). But also in exact natural 
sciences each mathematical generalization of a fundamental theory leaves 
this theory valid in its own field of validity: in exact natural sciences too the 
fundamental theories are never refuted, only generalized. 

It is by means of such an application of mathematical generalization 
that the fundamental theories of exact natural science were created. Good 
examples are the classical (’’Newtonian”) mechanics, its two most impor- 
tant generalizations being the relativistic (’’Einsteinian”) mechanics and the 
quantum mechanics, which again both of them are involved in a still more 
general theory called quantum electrodynamics. 

2. A short history of fundamental exact science. Physics, chem- 
istry, biochemistry and microbiology are examples of exact natural sciences. 
The common foundation of the advancement of all exact natural sciences is 
the parallel development of mathematics and theoretical physics. A glance 
at the history of this development helps to see some of the extraordinary, 
unique traits of exact sciences. It all started with 

— the geometry created by Euclid (about 300 BC), the great mathe- 
matician of ancient Greece. Still today it gives a correct theory of the visual 
order governing our everyday world of observation; 

— after this there was a long pause in the development of exact science. 
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during which the archaic world disintegrated and gave room to the formation 
of modern Western nations, 

— after which the foundation of exact science was furthered by Rene 
Descartes, a French mathematician (1596-1659), who created analytic ge- 
ometry, where the Euclidean geometry is a 3-dimensional special case; 

— the dynamical method of physical theory in the modern sense began 
with the work entitled ’Discorsi e dimostrazioni matematiche’ by the Italian 
physicist Galileo (1564-1642), using geometric constructs as a tool for a 
formulation of his mechanical and dynamical laws; 

— Galilean mechanics and dynamics was generalized, using differential 
calculus, by (Sir) Isaac Newton (1642-1727) in his work called ’Philosophiae 
Naturalis Principia Mathematical (1687), where Newton also formulated his 
theory of gravitation and laid the foundations of classical mechanics in terms 
of his new tool of calculus; 

— hence the Irish mathematician (Sir) William Hamilton (1805-1865) 
continued by creating in 1834-1835 a new form of Newtonian clcissical me- 
chanics now called the Hamiltonian Formalism, later applied also in thermo- 
dynamics and electromagnetism, becoming the central formalism of classical 
physics; he also generalized it to Canonical Formalism, which has been later 
applied in many sciences (even in economics); 

— now the Scotch physicist Clerk Maxwell (1831-1879), in his ’Treatise 
on Electricity and Magnetism’ (1873), generalized the theories of the English- 
man Michael Faraday (1791-1867) concerning electricity and magnetism to 
the theory of electromagnetism expressed in terms of differential equations, 
including the Faraday idea of light as composed of electromagnetic waves; 

— after which the then Swiss resident Albert Einstein (1879-1955) could 
generalize the Galilei-Newtonian mechanics to his special theory of rela- 
tivity (1905) based on such linear transformations of space-time, in which 
Maxwell’s electromagnetic equations and the velocity of light remain invari- 
ant; 

— the German mathematician Hermann Minkowski (1864-1909) soon 
gave to the special theory of relativity an elegant mathematical form in 
terms of an analytic geometry of the 4-dimensional space-time; 

— whereafter Einstein generalized his theory of relativity to the ’’general 
theory of relativity” (1911-16); this theory is still today the foundation of 
cosmology and astronomy studying black holes, quasars and other phenom- 
ena of the stellar world; the general theory of relativity also introduced into 
physics a new field of mathematics called differential geometry, which in turn 
has later found new applications in the theory of elementary particles; 
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— meanwhile another line of research inspired by Maxwell’s theory led 
to microphysics, i.e. to the study of the internal structure and dynamics 
of atoms by many remarkable physicists: the works of the Dane Niels Bohr 
(1885-1962) and the Frenchman Louis de Broglie (1892-1960) helped the 
Austrian Erwin Schrodinger (1887-1961) to build, guided by the Hamiltonian 
Formalism, his ’wave mechanics’ and the German Werner Heisenberg (1901- 
1976) to build his ’matrix mechanics’, which were generalized to the final 
form of ’quantum mechanics’ by the Englishman Paul Dirac (1902-1986) in 
his influential book ’The Principles of Quantum Mechanics’ (1930); 

— later on, during 1930-1934 Dirac generalized quantum mechanics and 
Maxwell’s electromagnetic theory to create a more general fundamental the- 
ory called ’quantum electrodynamics’ (QED), the most general and in its pre- 
dictions most accurate theory of modern physics; Dirac’s both theories again 
introduced into physics new fields of mathematics, viz. the theory of Hilbert 
space and functional analysis started by the great German mathematician 
David Hilbert (1862-1943); the connection between Dirac’s quantum theory 
and functional analysis was shown by another great mathematician, Hun- 
garian Johann von Neumann (1903-57); 

— the American physicist Richard Feynman (1918-1988) completed the 
present foundation of our scientific world view in his new interpretation of 
quantum electrodynamics by means of space-time graphs called ’Feynman 
diagrams’ (created in 1948-1952); this theory has been the model followed 
also in the theories of particle physics (quantum chromo theory, quark the- 
ories etc.); Feynman’s theory showed that the meaning of time is in the 
atomic world changed in a way which, together with the latest developments 
in cosmology, has later given rise to new speculations about the possibility 
of travelling backward in time, though only in theory. 

3. The unique properties of theoretical knowledge in exact sci- 
ences. The brief history of the parallel development of mathematics and 
theoretical physics, just told, may help in understanding of some extraordi- 
nary properties of theoretical knowledge in exact sciences. They hold good 
for exact sciences developed in the methodological tradition of mathemat- 
ics and theoretical physics. This includes, as far as natural sciences are 
concerned, at least physics, chemistry, biochemistry and microbiology, which 
have developed in this historical order on the basis of each of the sciences 
preceding them in this order. Fundamental theoretical knowledge in math- 
ematical sciences has three important characteristics: 
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A. Objectivity, Mathematical truth attains the highest degree of objec- 
tivity possible to human beings in their theoretical constructions: a mathe- 
matical proof of some theorem is recognized as a correct proof by practically 
every competent mathematician familiar with the topic. Thus mathematical 
truths are never denied by human beings who are in full possession of their 
reason. This applies as well to all fundamental mathematical theories in 
exact sciences. 

Only the form of mathematical proofs may undergo changes reflecting 
the stylistic fashions of the day without altering however the mathematical 
substance. This appears mostly in the shape of various ways of understand- 
ing ’mathematical rigor’ at various times. Thus, what was acceptable rigor 
before Karl Weierstrass (1815-1897) and R. Dedekind (1831-1916), was no 
more acceptable for these two German mathematicians who introduced the 
’e technique’ of mathematical proof. And what was a rigorous formulation 
still in the mathematics of Weierstrass, Dedekind and Georg Cantor (1845- 
1918), was no more acceptable for the intuitionists like the Swiss mathe- 
matician Hermann Weyl (1885-1955), but was partly justified again, in a 
slightly different form, by David Hilbert and others. And if you compare 
the proofs as given by the French Bourbakist school of mathematicians (like 
Jean Dieudonne or Andre Weyl) in the twentieth century, their form is again 
new: they require that the whole mathematics should be rewritten in terms 
of the set theory created by Georg Cantor in the nineteenth century. But 
all these changes have concerned only the form of mathematical proofs, not 
the content of theorems, although they sometimes made it more exact. 

Compared, say, with the fact that every new sociological thinker seems 
to give every earlier sociological thinker a slap in the face, while establishing 
an entirely new sociological theory, the mathematical truths are not denied 
by later generations of mathematicians but are irrefutable. Here we come 
to the second unique property of theoretical knowledge in mathematics and 
mathematical sciences: 

B. Invariance. What has been once proved true in mathematics, provided 
that some conditions are satisfied, remains true on the same conditions for 
later generations of mathematicians as well. Here indeed we meet one of 
the few invariant things in human life from generation to generation. All 
fundamental theoretical knowledge in exact sciences also has this unique 
property. In this sense the fundamental theories of exact sciences are not 
refutable. 

Here some words must be said on the philosophical school, whose masters 
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were Thomas Kuhn and Paul Feyerabend, which beginning with the 1960s 
has claimed that scientific theories undergo every now and then ’scientific 
revolutions’, in which old theories are refuted and new ones established 
rather independently of the earlier ones.^ This school was preceded by the 
philosophy of science suggested by the English philosopher Karl Popper^ 
and his follower Imre Lakatos. Popper accepted the objectivity of theoreti- 
cal knowledge in exact science, but rejected the second principle that states 
the invariant character of truths in exact sciences. 

Popper’s ’principle of falsifi ability’ required that every scientific theory 
that is meant to explain some part of reality should contain the possibility 
of falsifying this theory. Now every fundamental theory in exact science has 
indeed many possibilities of being falsified by experimental data before it is 
accepted. But this is not what Popper meant. He seems to require that every 
scientific theory should be falsifiable all the time, even on the conditions on 
which it has been already mathematically proved true. This odd requirement 
seems to have originally been meant as a criterion by which to distinguish 
genuine science from doctrines like Marxism or Freudianism that claimed 
dogmatically universal validity without accepting any kind of empirical test 
of its truthfulness. But when read the other way round. Popper’s criterion 
of falsifiability can be interpreted so as to exclude from science any theory 
— mathematical or otherwise — which cannot be refuted, or indeed which is 
not refuted in due time. 

Here a quite surprising mistake seems to be hiding, concerning the mutual 
relations of classical Newtonian mechanics and the relativistic Einsteinian 
mechanics. In words of a historian of philosophy: ’’Where Kant derived his 
inspiration from Newtonian absolutism. Popper derived his from Einstein’s 
refutation of Newton. It must have struck Popper that if the perfect science, 
that is, Newtonianism, which had stood unchallenged for over two hundred 
years, had been refuted, then it must be that any theory that can be called 
’scientific’ must too be refutable ... This led to the logical conclusion that the 
demarcation between science and metaphysics must be falsification. In par- 
ticular Popper needed some clear and simple standard that would separate 
such acceptable science as Einsteinian physics from theories he considered 
pseudo-scientific.”^ 

^See e.g. Thomas S. Kuhn, The Structure of Scientific Revolutions, The Chicago Uni- 
versity Press, Chicago 1962. 

^E.G. Karl Popper, Conjectures and Refutations, Routledge, London 1963 

^W.H. Provost, Science as paradigmatic complexity, International Journal of General 
Systems 10, 1985, p.257. 
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The American philosopher Thomas Kuhn actually made of falsification of 
scientific theories a dogma: He insisted that old scientific theories are sooner 
or later refuted, and replaced by new theories. From which the Austrianborn 
philosopher Paul Feyerabend at Berkeley draw the extreme conclusion that 
in science too one should vote for the truth in free elections between the 
scientists, just like they do in politics!"^ 

But Einstein never ’’refuted Newton” in the first place, as erroneously 
supposed by those philosophers. He only generalized the classical Newtonian 
mechanics so as to cope with the movements whose velocity approaches that 
of light. And here we come to the third unique property of theoretical 
knowledge in mathematics and other exact sciences: 

C. Accumulation, Theoretical knowledge in exact science does not de- 
velop through successive refutations of earlier theories, but by mathematical 
generalization of earlier theory to a new one, which covers a larger range of 
empirical data and in which the old theory remains valid in a special case, 
viz. on the same conditions on which it was originally proved true. Thus 
theoretical knowledge in exact science is accumulating. 

As theoretical physicists very well know, classical ’’Newtonian” mechan- 
ics has been never refuted by the theory of relativity or by quantum theory, 
and it will never be refuted as a theory of movements in our everyday world 
of observation on the earth. Just like Euclidean geometry it still holds good 
in those circumstances. 

Example 1. (Predictions of Newtonian mechanics compared with those 
of Einstein’s theory.) The classical Newtonian or Galilean theory of motion 
is valid, now and for ever, for velocities that are small in comparison with 
the velocity of propagation of light. You can estimate the difference between 
the results given by the theory of relativity, on the one hand, and classical 
theory on the other, by calculating the deviation from one of the expression 

1 

>/l — /c^ 

Here c is the velocity of light and v is the velocity of the moving body we are 
investigating. For a velocity v = 3 km/sec, which is about ten times as large 
as the velocity of propagation of sound, the deviation of the prediction of 
the Einsteinian theory from that of the Newtonian theory would be already 
as small as of the order of 0.000000005 %. It goes without saying that 
in the mechanics concerning our everyday macrophysical observations the 

^Paul Feyerabend, Against Method, The New Left Books, London 1975. 
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difference of the two theories is negligible, and the Newtonian physics is as 
valid as ever. 

Example 2. (Predictions of classical mechanics compared with those of 
quantum theory.) In the Hamiltonian Formalism of classical mechanics, the 
state of a system of particles is at any moment strictly determined by its 
’total state’ composed of all the position coordinates, velocities and masses 
of those particles. In macrophysical circumstances a simultaneous measure- 
ment of positions and velocities of particles is always possible and may take 
only some technical inventiveness. Furthermore, the equations of motion 
define a causal recursion, by means of which one can compute the total 
state x{t) of the system at any moment t from any of its past states x(t'). 
This is why the French mathematician Pierre Simon de Laplace (1749-1827) 
could express his famous statement to the effect that the Newtonian me- 
chanics enabled you to predict, as a matter of principle, the whole future 
of the world. This is still true of macrophysical motions of material bodies, 
provided that their velocities are small enough to make relativistic effects 
negligible. But in the microworld of atomic particles your instrument of 
research, for instance a ray of light, required for the measurement of the 
position of a particle pushes it, thus making impossible a simultaneous ac- 
curate measurement of its velocity. Vice versa, if you measure the velocity 
you cannot ascertain simultanenously its position accurately. Heisenberg’s 
famous relation of indeterminacy gives a mathematical formulation of the 
way in which simultaneous measurements of two ’canonically conjugated’ 
variables, such as position and velocity, affect each other’s accuracy. 

In the world of quantum particles we can measure only the probability 
distribution of positions and velocities of the investigated particles. Thus the 
total state X{t) of a system of quantum particles at the moment t determines 
only such a distribution of probability over the positions and velocities of the 
particles. Such distributions of probability can then be compared with the 
empirically observed distributions in scattering experiments, in which rays 
of quantum particles collide with one another. Quantum mechanics has been 
shown to give correct predictions of such distributions of probability. But 
it means that predictions in quantum mechanics are always probabilistic: 
from a certain quantum state X{t^) we can predict, as a matter of principle, 
any future quantum state X{t) but this time this means predicting just a 
distribution of probability from another such distribution. 

Classical Newtonian mechanics can be understood as a limiting case of 
quantum mechanics, in which the variances of those distributions of proba- 
bility become zero, in which case a full predictability is again reached. 
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3. Practical Sciences Applying Exact Science 

1. Practicality as the original criterion of objectivity. Exact 
sciences in the modern sense are a relatively new historical phenomenon, as 
is evident from what was said above about the formation of such sciences. 
Before the existence of mathematical sciences the main criterion of the objec- 
tivity of knowledge was its practicality: whether its application to practical 
affairs was successful or not. In this sense objective rational knowledge was 
known in the primitive village communities already. 

An early anthropological belief, according to which primitive peoples had 
only magic and other irrational doctrines, was refuted by Bronislaw Mali- 
nowski (1884-1942), originally a physicist and later a long-time professor of 
anthropology at the University of London. He showed in his Melanesian 
studies published in 1915^ that even the primitive peoples had science. In 
other words, those people already knew methods based on rational knowl- 
edge, and these methods were used before resorting to magic in all those 
cases where rational knowledge gave the desired results. Thus the construc- 
tion of houses, boats and tools, and also the cultivation of vegetables was 
based on rational knowledge — on methods that went as traditions from gen- 
eration to generation, but which also were improved at need according to 
the experiences. They also had much knowledge of the suitability of various 
kinds of soil for various species of vegetables, and they knew several species 
of vegetables and trees. They watched seasons of the year to choose the 
times of planting and harvesting. 

Magic was resorted to, as first shown by Malinowski in his careful field 
studies, only when rational practical experience failed. The treatment of 
illnesses and fishing in high seas, which seemed to be in the power of mys- 
terious forces, were full of magical rites. But fishing in inland lagoons took 
place strictly according to practical experience, and no magic was associated 
with it. 



2. Practical sciences today. All practical sciences involve elements 
from daily practice and thus are not merely applications of exact sciences. 
Just like in primitive village communities, practical rules found useful in 
everyday work still make a part of those sciences. How great a part — it 
varies with the science in question. 

Technology and engineering in our time are mainly applications of math- 
ematics, physics and chemistry, and thus are very close to exact sciences. 

^ Later published several times, for instance in the posthumous work entitled Magic, 
Science and Religion, The Free Press, New York 1948. 
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These practical sciences take care of energy management, construction of 
machines, buildings and ships, as well as of the tools of traffic and com- 
munication of information in modern society. It is difficult to mention any 
field of practical activity, where applications of these three exact sciences are 
lacking today. 

Medicine too applies exact sciences such as physics and chemistry, and 
in addition to them biochemistry and microbiology. The more of these exact 
sciences are involved in medicine, the firmer ground it has. But still in our 
days ” thumb rules” found useful in practice, and even subject to the medical 
fashions of the day, make quite a part of the medical practice. This of course 
introduces subjective judgements into contemporary medicine. One could 
estimate that in psychiatry especially the subjective element is dominating 
(in the form of psychoanalysis and related doctrines). However the progress 
of biochemistry and microbiology is all the time diminishing the influence 
of the subjective element in medicine, although in the domain of psychiatry 
this may not take place very soon. 

Economics and commercial sciences are the third important field of prac- 
tical sciences that derive part of their knowledge from exact science. In the 
case of economics proper the exact science in question has been theoretical 
physics, which has surprised many observers. Quite especially Hamilton’s 
Canonical Formalisms from classical mechanics (see p.4) has lately played a 
great role in mathematical formulations of fundamental economic dynamics. 
This development has to be welcomed because of the greater accuracy it 
has given to such theories in economics. Indeed the mathematical dynamics 
first discussed by Galileo has revolutionized economic theory during the last 
decades. This of course is based on the observation that economic systems 
too are dynamical systems suitable to rigorous mathematical analysis. The 
fact that the study of dynamical systems now is one of the hottest fields in 
pure mathematics has given more impetus also to the progress of economic 
dynamics. However the application of economics in practice is in our days 
still based rather on ’’thumb rules” than on exact science, and thus subject 
to the fashions of the day. This is even more true of the contemporary appli- 
cations of commercial sciences. Agrology and forestry are further practical 
sciences, where both exact sciences and the ’’thumb rules” and fashions play 
a certain part. However: 

Thesis 2. The knowledge in mathematics and exact sciences is 
the origin of human capital in advanced societies, and the pur- 
suit of objective truth uniquely realizable in these sciences is 
the fundamental nonmaterial value of the supply side. 




II 



NONMATERIAL VALUES OF THE DEMAND SIDE 

4. The Human Need for Self-Expression 

1. Subjective and objective knowledge. The Kuhn-Feyerabend 
school of philosophers refused to see any useful difference between subjective 
and objective knowledge. But there is a difference, and this is elementary. 
Television may show pictures 

— of Arab youths throwing stones, or 

— of men carrying rifles on a street in a town we do not know, or 

— of a dirty and badly dressed man lying in a nook of a backstreet, or 

— of a gun moved along a road, while puffs of smoke followed by a loud 
report appear on the opposite slope, or 

— of a laughing and shouting black crowd. 

The pictures may be interpreted by the reporter by telling that 

— ”the latest atrocities of Israeli soldiers in the Gaza strip have raised 
people’s resistance against the peace talks between PLO leaders and the 
Israeli government,” 

— ’’despite the Russian announcement of their capture of Grozny the 
Chechens still hold wide areas of the city,” 

— the number of homeless poor people in the big cities of the United 
States has again increased after the government has adopted policies favour- 
ing the rich ones,” 

— ”in Bosnia heavy fights continue between the Muslim soldiers defending 
the government and the Serbs harassing them as the Western peace keeping 
forces have failed to prevent them,” 

— ’’the people of South Africa rejoice after having been freed from the 
oppression exerted over centuries by the whites.” 

The pictures shown are small fragments of objective reality — provided 
of course that they have not been artificially constructed by collage or by a 
computer. But the explanations given to the pictures already are partly sub- 
jective. These explanations do not directly follow from the pictures shown, 
but they are interpretations involving other kinds of information, as well as 
judgments of the reporter, features of his or her view of the world and of his 
or her political opinions. These factors are subjective, i.e. dependable on 
the reporter in question, as part of his/her self-expression. 

This is not exceptional. Even what has been observed ”by one’s own 
eyes” is often similarly subjective and depends, whether it is conscious or 
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not, on the observer. This has been discovered in many criminal procedures 
using the testimonies of several eye-witnesses. It may happen that fifteen 
different eye-witnesses of the same events give fifteen mutually incompatible 
stories of what had taken place. 

However, injudicial procedures it is possible to carry out cross-examinat- 
ions of the witnesses. By means of them one can in the best cases eliminate 
the contradictions. Then we are left with the hard core of all the testimonies, 
confirmed now by all the witnesses and accordingly closer to the objective 
truth than were the original ones. 

In mass communication through tv, radio or the press there usually is not 
that possibility. The reporter possibly gets his or her information from some 
eye-witnesses and then delivers the version, which seems most plausible to 
him or her, given the various statements of the witnesses and his or her own 
opinions. If you know the manners of working of foreign correspondants for 
instance, you can add that more often than not they receive their information 
from each other, or from other second-hand sources without direct contact 
with eye-witnesses. It follows from all this that the knowledge conveyed by 
mass communication usually is more subjective than the knowledge on which 
rest the verdicts of the lawcourts. 

However even the verdicts of the courts of law unavoidably contain sub- 
jective elements: the cross-examinations may be able to eliminate only part 
of the observed contradictions, jurors have their own subjective opinions of 
what happened, as have the judges and lawyers participating in the process. 
As we know this fact hats been taken into account in the American justice 
by requiring, in criminal cases, evidence that is true ” beyond reasonable 
doubt”. It has been sometimes interpreted to mean that any person who 
has another opinion must be considered insane. In civil processes a majority 
of the jury is sufficient for the verdict. 

One can get rid of the subjectivity of individual eye-witnesses only by the 
technique used by exact natural sciences and called ’controlled experiment’. 
In such an experiment the investigation is limited to a finite number of 
variables. Other variables must be kept constant during the experiment. 
If this can be done, the experiment must still be repeated over and over 
again, and only if the same relations appear repeatedly between the same 
variables, one can in exact natural science speak of a scientific law observed 
in the experiment. The mathematical laws so verified empirically are on the 
highest level of objectivity that human observation can attain. 

In the cases where it is impossible to perform entirely controlled exper- 
iments, mathematical laws can still sometimes be verified statistically, by 
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using methods developed in mathematical statistics. 

Thus we have distinguished between three levels of objectivity of our 
empirical knowledge: 

— the information offered by media as well as the knowledge given by 
everyday observations are on the lowest level of objectivity and represent 
often rather subjective knowledge, 

— the empirical knowledge on the basis of which verdicts are given in 
court rooms is usually less subjective already, while 

— the highest level of objectivity of empirical knowledge is represented by 
mathematical laws that have been empirically verified by means of controlled 
experiments or by mathematical statistical analysis of data. 

Completely objective is only the knowledge of an omniscient being, kind 
of which human beings are not. 

2. Commenting sciences. There are many sciences, in which the 
explanations given to the investigated phenomena are verified neither by 
controlled experiments nor by mathematical statistical analysis. In such 
sciences the explanations given to phenomena are subjective to a great ex- 
tent. The greatest degree of subjectivity among those sciences is met in the 
commenting sciences, whose explanations often are on the same high level 
of subjectivity as are the explanations offered by mass communication or 
by casual everyday talking. Still also the commenting sciences differ from 
mass communication or casual talking in their more systematic treatment of 
phenomena. 

Philosophy, A typical, in fact the most typical commenting science is 
philosophy. Ludwig Wittgenstein once stated this by saying that philosophy 
leaves the world unchanged. Counter to what Marx believed, philosophy 
does not change the world or the society in any way. Philosophy does not 
create objective, invariant and accumulating knowledge, and thus differs here 
greatly from exact (mathematical) sciences. Philosophical knowledge only 
comments on the world we live in. 

Fresh philosophical interpretations often take into account the accumu- 
lated exact scientific knowledge but they do not add to it in any way: they 
only give subjective commentaries reflecting the philosopher’s own way of 
thinking and nothing else. Philosophical comment is purely subjective. It 
does not create any new objective knowledge. If a field of research, which 
had been earlier considered as a part of philosophical reflection, starts to cre- 
ate new objective knowledge, it has already left pure philosophy and become 
a new science on its own right. A good example is mathematical logic. 
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History studies. This too is a commenting science, but different from phi- 
losophy. The object of commentation now is the set of known historical facts. 
Those facts are now in the role of the small fragments of objective reality, 
which the historian tries to arrange in a certain order. In this arrangement, 
explanations of past historical events are involved and those explanations 
can only be subjective products of their proposer and his/her own historical 
epoch. 

The set of historical facts known and recognized at a certain time even 
itself is subject to changes with time. This is partly because new documents 
are found and with them new historical facts. But some earlier ’’facts” may 
also be refuted in the process. 

However the essential juice of every great study of history is not at all in 
the facts it gives but in the picture it draws about the past as a whole. For a 
mere listing of facts no historian is needed — an archivist would be sufficient. 
What is expected from a historian proper is a wholistic interpretation of the 
past from the point of view of the present times. Therefore historians will 
always be much in demand. 

Only in totalitarian countries historical interpretations are permitted to 
violate known historical facts. But even granted that facts have been duly 
considered there will always be much room for various interpretations of 
history. Therefore every great historical study is a reflection of the political 
and social ideas of its own time. Here exactly is the need that the historian is 
expected to satisfy. The interpretations of history, as subjective explanations 
of the past, do not create objective, invariant and accumulating knowledge. 
The study of history is a commenting science. 

Sociology. This is again a new type of example. As a commenting sci- 
ence it is in a certain sense between philosophy and the study of history. 
The sociological explanations of social phenomena are closer to philosoph- 
ical interpretations of the world than to exact science. One has illustrated 
the difference by saying that when in exact science you can ask ’on which 
facts your theory is based?’, in sociology the corresponding question is: On 
which theories your facts are based? 

On the other hand, sociologists mostly are not as careful as historians are 
in the selection of what they consider as their empirical facts. Furthermore 
both the contents and explanations of sociological ’’facts” vary much from 
one school of sociology to another one, and also from a country to another 
country. Sociology, as we know it today, does not create any objective, 
invariant and accumulating knowledge. Sociological ’discourse’ is what the 
name tells: conversation, which in its subjectivity does not differ from mass 
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communication or casual talk. Sociology is a commenting science. 

Theoretical explanations in humanistic and social sciences in general tend 
to be subjective comments rather than objective exact science. This is be- 
cause they are more often than not based on nonmathematical verbal anal- 
ysis of rather vague empirical data and have not been verified by means of 
controlled experiments or rigorous statistical analysis. There are exceptions 
such aSj for instance, grammatical transformation theory, psychometrics, 
econometrics and other mathematical economics. 

3. The pursuit of self-expression as the fundamental nonma- 
terial value of the demand side. When stating (Thesis 2) that the 
pursuit of objective truth, which invigorates exact science, is the fundamen- 
tal nonmaterial value of the supply side, we used the word ”nonmateriar 
as referring to what is often vaguely called ^spiritual” or ”mental”. In a 
more exact definition we can identify nonmaterial values as ones related to 
the pursuits, which are not directed at having goods or services payable by 
money, and still are deeply rooted in human nature (cf. p.V). The pursuit 
of objective truth no doubt is one of such pursuits, but there is in human 
nature a still stronger nonmaterial pursuit, viz. that of self-expression. 

The need for self-expression is inherent in every healthy human being 
and is mostly far stronger than the need for the search of objective truth. 
It is this forceful need that has created the arts as well as the commenting 
sciences, which indeed have a much larger circle of enthusiasts than exact 
science has. (Of course material and nonmaterial pursuits often mix.) 

Thesis 3. The pursuit of self-expression, which satisfies the hu- 
man need for commentation on the world and on one’s own feel- 
ings, defines the fundamental nonmaterial value of the demand 
side and is the force that creates the arts and the commenting 
sciences, as well as part of our everyday behaviour. 

5. The Historical Process from Philosophical 
Self-Expression to Exact Science 

The whole story briefly told is this. Philosophical commentation, us- 
ing an analysis of concepts in natural language as its means, dominated all 
theoretical science until the 17. century. Then the mathematical method of 
analysis began to gain ground after the introduction of mathematical dynam- 
ics by Galileo. Today the expanding field of application of the mathematical 
method covers all the exact sciences and has lately started to penetrate also 
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economics (and indeed in the form of psychometrics even psychology). The 
linguistic analysis of concepts has retained its dominance in the theories of 
the commenting sciences, especially after having been in our century fortified 
by the development of formal logic. 

This brief outline of the history of science roughly coincides with the 
economic and social history of Europe. With the beginning of exact natural 
science in the 17., 18. and 19. centuries technological progress started to 
revolutionize national economies — a development that in the 18. century 
lead to the birth of industrialized society in England, and a little later in 
other countries in Western Europe. Thus an endogeneous economic growth 
began, which has then brought unforseen welfare and — some would be eager 
to add — pollution to this continent. But let us start from what existed 
before this process began. 

1. The linguistic method of classical Greek philosophy. In its 
original form the linguistic method of theoretical analysis simply consists of 
following the course of one’s own thoughts, and formulating the results in 
spoken or written sentences of natural language. In other words, it is theo- 
retical speculation starting with the concepts of natural language, without 
instruments of exact observation and measurement and without mathemati- 
cal calculi, all of which are now routinely employed as a support of theoretical 
analysis in advanced sciences. In fact the linguistic method in its archaic 
form is a method without methods or, if you like, a poor man’s method. 

The best side of the original linguistic method is its cheapness and its 
accessibility to all who speak some language. This form of thought is innate 
in man, which explains why it is the oldest method of science, if ’’science” is 
understood in the broadest possible sense, as whatever organized knowledge. 
It was the form of thought applied by all ancient thinkers in the construction 
of their systems of knowledge. We can follow its historical roots back to 
the Greek philosophers of antiquity, where the written philosophical texts 
preserved for posterity begin. 

It has been a long philosophical tradition to see the roots of modern West- 
ern science in ancient Greek philosophy. But this is misleading in at least two 
different ways. First, in all essentials the Greek philosophy, beginning with 
the pre-Socratic thinkers and extending to the latest Pythagoreans, Stoics 
and Platonists, was deeply influenced by the myths of archaic societies. In 
its contents the Greek philosophy was in many respects closer to archaic 
mythology than to modern science. Secondly, its method was the linguistic 
analysis, not the mathematical-dynamical analysis of modern exact science. 
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To see why these two eispects of ancient Greek philosophy prevented the de- 
velopment of exact science in its modern sense, we have to stop for a while 
and study those aspects of Greek philosophy in some detail. 

Starting with the mythological contents in the ideas of ancient Greek 
thinkers, we have first to distinguish carefully between the ’’Greek mythol- 
ogy” proper, as we know it from Homer and Hesiod (about 700 BC), and the 
mythical elements in the classical Greek philosophy. The former was basi- 
cally the same archaic mythology that was known all over the archaic world, 
to which Homer and Hesiod only added a greater richness of god-figures 
and of the events told. The philosophers criticized Homer and Hesiod, but 
this critique concerned what the philosophers considered as illogical and too 
colourful elements in the ancient mythology: the adventures and arbitrary 
decisions of gods, and their capricious and unjust behaviour. The Greek 
philosophers themselves accepted the core of what is called the mythological 
thought^. This included, quite especially, the dominating myth of archaic 
societies, viz. the myth of the eternal return. 

2. The influence of the myth of the eternal return upon Greek 
philosophy. According to that myth everything that happened in the world 
was repetition of past events and would be repeated again in the future, 
obeying certain cycles that would go on and on eternally. This myth was 
discernibly present already in the earliest pre-Socratic speculations. But the 
cycle theory and the myth of the eternal return retained their dominating 
position also in the golden age of ancient Greek thinking and in much of the 
post-Socratic Greek philosophy as well. This myth, most elaborate in Indian 
philosophy, was an inseparable part of the Hellenic thought. 

A leading anthropologist of our time, the Chicago professor Mircea Eli- 
ade, discussed the manifestations of the eternal return in the thinking of 
Anaximander (610-547 BC), Pythagoras (in the 6th century BC), Heracli- 
tus (about 540-480 BC), Empedocles (about 400 BC), Plato (427-347 BC), 
and in Stoicism and Neo-Pythagoreanism (until the 2nd and 1st centuries 
BC).^ The remarkable French anthropologist Henri-Charles Puech described 
this central myth and its influence upon Greek philosophy in the following 
much quoted passage: ^ 

’’According to the famous Platonic definition, the time which is deter- 

^ Mircea Eliade, Myth and Reality, London 1964. 

^Mircea Eliade, The Myth of the Eternal Return Or Cosmos and History, 2nd Prince- 
ton/Bollingen paperback printing. New York 1974. 

^Henri-Charles Puech, ”Gnosis and time”, in Man and Time, New York and London 
1957, p.40-41. 
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mined and measured by the revolution of the celestial spheres is the mobile 
image of immobile eternity which it imitates by moving in a circle. Conse- 
quently both the entire cosmic process and the time of our world of gener- 
ation and decay develop in a circle or according to an indefinite succession 
of cycles, in the course of which the same reality is made, unmade, and re- 
made, in conformity with an immutable law and determinate alternations. 
The same sun is being preserved; nothing is created and nothing is lost; 
moreover, certain thinkers of dying antiquity — Pythagoreans, Stoics, Pla- 
tonists — went so far as to maintain that within each of these cycles of time, 
of these aiones, these aeva, the same situations recur that have already oc- 
cured in the preceding cycles and will occur in subsequent cycles — and so ad 
infinitum. No event is unique, nothing is enacted only once (for example the 
condemnation of Socrates); every event has been enacted, is enacted, and 
will be enacted perpetually; the same individuals have appeared, appear, 
and will appear at every turn of the circle. Cosmic time is repetition and 
anakuklosis, eternal return.” 

But if events in the world follow each other and repeat themselves in end- 
less cycles, we have a world without causality^ and indeed without individual 
responsibility: Every event appears as well as a cause and as an effect of all 
the other events. When a slave of the Stoic philosopher Zeno (336-264 BC) 
defended his stealing by referring to the philosophy of his master, saying 
that ’’following my fate I had to steal”, Zeno could add: ’’and be whipped”. 

In many ways such was also the world of the latest great philosopher of 
the Greek antiquity, Aristotle (384-322 BC), who collected and systematized 
the knowledge of his time in his many works. However the universe of 
Aristotle was divided in two parts. The complete cyclic motion was realized 
only in the superlunar world of the sky, where the stars followed uniform 
motions, which consisted of cycles, or, since the mathematician Apollonius 
(3rd century BC), of the cyclic motions superposed upon cycles and called 
epicycles by Apollonius. In the earthly or sublunar world the motions were 
’’incomplete”, i.e. mixed motions composed of bits of circular and rectilinear 
parts. But also in the incomplete sublunar world the course of events, even 
in Aristotle’s philosophy, was understood to be cyclic in the long run. 

In such a world the pursuit of causal explanations had only a minor 
role to play. In the last analysis evrything that happened was repetition 
of the same: there were no causes and no effects, and thus no reason to 
pay attention to dynamic processes in the nature or in history. The only 
thing worth of philosophical analysis was what remained invariant in the 
endless cyclic repetition of world history. Such things were the concepts and 
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their mutual relatioships. The concepts — called the ”ideas” by Plato and 
understood somewhat differently by different Greek thinkers — were thought 
to be the eternal and invariant parts of existence. Thus in terms of concepts 
one could grasp the essentials, i.e. what remained the same in the cyclic 
motion of history. 

In this way the Greek philosophy of antiquity, resumed in the works of 
Aristotle, was bound to be based on the linguistic analysis of concepts. This 
tradition of research is still living as the academic philosophy of modern 
Western universities. Aristotle also formulated the rules of logic now known 
as the ’’Aristotelian logic”, intended for the understanding of the mutual 
relations of concepts in natural language. Only much later, in 19th and 20th 
centuries, the symbolic logic (often called ’’mathematical logic” for its use 
of symbols) was to replace the Aristotelian logic as a means of linguistic 
analysis of concepts. 

It follows, as a matter of course, that under the influence of the Greek 
philosophy of antiquity also Hellenic mathematics was focused on static ob- 
jects, such as the geometrical forms or the numbers. The study of causal 
processes by way of mathematical dynamics was largely excluded from the 
consciousness of the Greek antiquity. This is why there is the long delay, 
indicated on p.3/4, in the development of exact science between the Hellenic 
era and the birth of Western nations in Europe. 

But Greek philosophy was preserved over the chaotic period in Europe, 
mostly in the peacefull cells of monasteries. When the first universities 
were established in Europe under the auspices of the Catholic Church, the 
Greek philosophy of the antiquity with its linguistic method of science came 
thus naturally to dominate the intellectual life in Europe for many centuries. 
Aristotle’s philosophy, as a great summary of the thinking of ancient Greeks, 
was canonized as the foundation of all human knowledge, especially since the 
12th century. 

3. The first challengers of the ’’philosophical method”. The Pol- 
ish astronomist and mathematician Nicolaus Copernicus (1473-1543) pub- 
lished his heliocentric model of planetary motions in two works entitled 
’Commentariolus’ (1530) and ’De revolutionibus orbium coelestium’ (1543). 
He used the cycles and epicycles in much the same way as the Greek as- 
tronomist Ptolemy (in the 1st century AD) had done, but proved by labou- 
rious calculations that if the sun is set in the middle of the planets we get at 
least equally good agreement between theory and astronomical observations. 
He also calculated rather well the distances of the known planetes from the 
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sun. 

Soon the Jesuit philosopher and astronomer C. Clausius, in his textbook 
of astronomy (1581), remarked that the system of Copernicus is absurd, 
writing^: ”One may doubt whether it would be preferable to follow Ptolemy 
or Copernicus. For both are in agreement with the observed phenomena. But 
Copernicus’ principles contain a great many assertions which are absurd. He 
assumes, for instance, that the earth is moving with a triple motion [i.e. a 
cycle and two epicycles upon it] which I cannot understand. For according 
to the philosophers a simple body like the earth can have only a simple 
motion ... Therefore it seems to me that Ptolemy’s geocentric doctrine must 
be preferred to Copernicus’ doctrine.” 

The criticism given by Clausius was taken from the philosophy of Aristo- 
tle, according to which there corresponds to every particular kind of matter 
a particular type of motion. The earth as a ’simple body’ could have only 
simple motions, viz. a rectilinear and circular one. This matched with 
the system of Ptolemy but not with that of Copernicus. Thus the latter 
was ’’philosophically false” even though it may have been ’’mathematically 
true” . 

A similar criticism was given by the English empirist philosopher Francis 
Bacon, who wrote in 1622: ”In the system of Copernicus there are found 
many and great inconveniences; for both the loading of the earth with a 
triple motion is very incommodious and the separation of the sun from the 
company of the planets with which it has so many passions in common is 
likewise a difficulty and the introduction of so much immobility into nature 
by representing the sun and the stars are immovable ... all these are specula- 
tions of one, who cares not what fictions he introduces into nature, provided 
his calculations answer.” 

In view of such criticisms it was no surprise that a century after its 
publication the system of Copernicus was doomed officially by the Roman 
Inquisition. But the challenges of the ’’philosophical method” now followed 
each other in an accelerated tempo. The German astronomer Johannes Ke- 
pler (1571-1630) published his calculations concerning the exact movements 
of the planets around the sun in two works entitled ’De motibus stellae 
Martis’ (1609) and ’Harmonices mundi’ (1628). In the same year when Ke- 
pler published his first work Galileo built a telescope by means of which 

^The translations from Latin given in this chapter come from the excellent article 
”Why do scientists and philosophers so often disagree about the merits of a new theory?” 
(Reviews of Modern Physics 13, 1941, p. 171-175) by the Harvard philosopher Philipp 
Frank. 
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he could observe the famous moons of Jupiter, which greatly supported the 
model of Copernicus. In 1630 Galileo published his work ”On the Two Great 
World Systems”, where he defended the system of Copernicus against that 
of Ptolemy and against the philosophers’ attacks. 

As is well known Galileo was three years later tried at the court of Flo- 
rence for his ’’heretical state of mind” in a trial whose acquitting verdict 
Wets given on the condition that he repudiates his ’’mistakes and heresies”. 
But he continued his studies and produced in 1638 his greatest scientific 
work, the famous ’Discorsi’, where he laid the foundations of mathematical 
dynamics as the principal method of exact science. 

4. Newton’s physics doomed ’’philosophically false”. Another 
early victim of the Aristotelian philosophy, made a dogma, wsis originally 
Newton’s physics. After all Newton’s major work was published only 54 
years after Galileo’s trial. Both Newton’s law of inertia and his law of gravi- 
tation were doomed philosophically false and even absurd. To quote Philipp 
Frank (ibid, p.l73): ’’Two traits of these laws seemed to be incompatible 
with the established principles of philosophy. According to Newton a mov- 
ing body keeps its direction with respect to the empty space. This was 
regarded absurd. How could the empty space exert any such action? More- 
over, the law of gravitation assumed that material bodies attracted each 
other at any distance and instantaneously. This ’action at distance’ was 
incompatible with Aristotelian philosophy, as well as with the ’mechanistic’ 
and ’geometric’ philosophy of Demokritos or Descartes. For a material body 
could only be set in motion by contact with a second body, by push or pull 
... [even] a man like Leibnitz (1646-1716), equally competent as scientist 
and philosopher, considered both Newton’s law of inertia and his law of 
gravitation philosophically false and even absurd.” 

Another Newton’s contemporary, philosopher (and bishop) George Berke- 
ley (1685-1753), after having distinguished between two ways of judging a 
scientific theory, viz. its philosophical truth and its mathematical truth, 
expressed his criticism of Newton’s theory as follows (Philipp Frank, ibid., 
p.l72): ’’Whether there can be science of the conclusion when there is no 
evidence of the principle? And whether a man can have evidence of the 
principles without understanding them? And therefore whether the mathe- 
maticians of the present age act like men of science in taking so much more 
pains to apply their principles than to understand them?” 

Frank for his part goes on to say this (ibid., p.l73): ’’The great suc- 
cess of Newton’s physics was based upon the wide range of observable facts 
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embraced and by the simplicity and elegance of the mathematical methods 
employed. It was justified by its consequences, or, to speak in terms of the 
Middle Ages, by its mathematical truth. But the ’philosophical truth’ of 
Newton’s principles was regarded as very doubtful by his contemporaries.” 
Even Newton himself doubted that his force of attraction could be a causal 
explanation of the motion of planets, and expected to find later a derivation 
of these laws from some general philosophical principles. 

5. Newton’s physics as ’’philosophically true” to Immanuel 
Kant. In due time, however, Newton’s laws of inertia and gravitation in turn 
were declared by philosophers self-evident and derivable from pure reason 
as the only way which the human mind can understand nature. In one 
of his latest books, entitled ’’Metaphysical Principles of Natural Science”, 
the German philosopher Immanuel Kant (1724-1804) told that these laws 
labeled ’’absurd” by earlier philosophers were now to be considered quite 
natural. ’’Kant claimed to have demonstrated that the law of inertia can 
be derived from pure reason; he claimed that the recognition of that law is 
the only assumption under which nature is conceivable to human reason” 
(Frank, ibid., p.l73). 

Kant exerted great influence upon the minds of his own time and there- 
after. Even the great German physicist and physiologist Hermann von 
Helmholtz (1821-1894) said in his famous paper ’On the conservation of en- 
ergy’ (1847): ’’The task of physical science is finally to reduce all phenomena 
of nature to forces of attraction and repulsion the intensity of which is depen- 
dent only upon the mutual distance of material bodies.” The British philoso- 
pher Herbert Spencer (1820-1903) for his part confirmed in 1860 Kant’s view 
of the law of inertia as a philosophical truth: ’’This law means that mo- 
tion like matter is indestructible. This indestructibility is not inductively 
inferred, but is a necessity of thought.” Frank tells further about the physi- 
ologist Du Bois Reymond, who said in a published speech entitled ”On the 
limitations of natural science” (1872), which was widely discussed toward 
the end of 19th century: ’’The cognition of nature is the reduction of all 
changes in the physical world to the motions of atoms governed by forces 
independent of time. It is a fact of our psychological experience that our 
need for causal understanding is satisfied if we succeed in performing that 
reduction.” (Cited by Frank, ibid., p.l74.) 

Why do philosophers and scientists so often disagree about the merit 
of a new theory, Frank asks, and answers (ibid., p.l75): ’’They mostly dis- 
agree because the new theory seems to be in contradiction to established 
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philosophical principles. Moreover — and this is my chief point — this dis- 
agreement arises with necessity, for the established philosophical principles 
are mostly petrifications of physical theories which are no longer appropriate 
to embrace [all] the facts of our [increased] physical experience.” 

6. The triumph of exact science over the ’’philosophical method” 
since 19th century. The philosophical method of science, based on a lin- 
guistic analysis of concepts and originally introduced to written literature by 
ancient Greek philosophers, finally lost the battle against the mathematical- 
dynamical method of exact science. The 19th century can be considered as 
the turning point in this historical battle, since many remarkable mathemati- 
cians and physicists were now considered also as philosophers on their own 
right. Thus the physicist von Helmholtz was recognized as a philosopher as 
well. The philosopher Ernst Mach (1838-1916) was a physicist by education 
and also held a post as a professor of physics. The great French mathemati- 
cian Henri Poincare (1854-1912) was known as a philosopher too because of 
his excellent books on the scientific method. The chemist Wilhelm Ostwald 
(1878-1932) also developed a philosophical doctrine called energetics. Etc. 

In 20th century the boundary between philosophical commentation and 
exact science is clearer. The academic philosophers are back in the linguistic 
analysis of concepts, now approached not only by way of natural language 
but also by means of symbolic logic. It needs to be emphasized that symbolic 
or mathematical logic has nothing to do with the mathematical-dynamical 
analysis, which since Galileo has been the fundamental source of progress in 
what are called the exact sciences today. 

However the ” philosophical method” too, considered as the linguistic 
analysis of concepts, is still of course significant even outside philosophy 
proper, for instance in the practical sciences of linguistics and law, and in 
politics as well as in our everyday life. Furthermore, in the construction of 
computer programs the particular form of linguistic analysis called symbolic 
logic has had important practical applications in 20th century. 

Still one should not identify symbolic logic with the mathematical-dyna- 
mical method of exact science. It is the latter that creates the fundamental 
human capital and thus helps to satisfy human needs to which belong even 
computer programs as a part of modern self-expression. But the construction 
of computers themselves takes place strictly on the basis of the physical 
knowledge of electronics. And of course the prototype of all computers, the 
Turing machine, is a mathematical-dynamical system. 

Philosophy itself remains a commenting science representing self-expression. 
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7. What mean the terms ’supply side’ and ’demand side’ in 
connection of nonmaterial values? We have already indicated the sig- 
nificance of exact scientific knowledge as the foundation of human capital, 
which is one of the main factors of production (indeed the most significant 
factor in the long run). This kind of knowledge thus contributes to produce 
economic output, and helps to supply the economy with various kinds of 
demanded goods and services. This of course makes of the pursuit of ob- 
jective knowledge, inherent in the study of exact science, the fundamental 
nonmaterial value of the supply side. 

As to the value of self-expression, we have represented it as the basic non- 
material value of the demand side, because the products of self-expression 
in the arts, in the commenting sciences and in our everyday life are there 
primarily to satisfy the strong human need for self-expression. If a material 
advantage is connected with it, for instance when an artist sells the results 
of his/her self-expression, the price paid for the artistic work only transfers 
material value from the payer to the receiver — it does not create it. The 
money paid for artistic works must have been primarily made in usual eco- 
nomic activities in business or in other kinds of work in material production. 
This money is a part of consumption and confirms the place of the pursuit of 
self-expression on the demand side of economy. The same principle extends 
to the commenting sciences and the self-expression in everyday life (clothes, 
music etc. one buys): from the economic point of view they too are a part 
of consumption, not production. This evokes the political question: 

How much the arts and the commenting sciences should be subsidized 
by the society? Obviously, from the economic point of view only the state 
support of research and education in exact sciences^ technology and practi- 
cal sciences — in universities, schools, private firms or wherever it is done 
— is absolutely necessary. This is almost trivial. As to the arts and the 
commenting sciences, part of their support no doubt is taken care of by the 
paying public and other private benefactors and the state could supply only 
a necessary elementary education. Of course the money subsidizing the arts 
or the commenting sciences ultimately comes from economically productive 
business and work. There are arguments for the privatisation of law schools 
and language schools but this is not the place for elaboration on this point. 

There is also a very important, ultimately political, prerequisite of any 
nonmaterial pursuits in human society: 

Thesis J^. A necessary condition of all nonmaterial pursuits is 
the existence of individual freedom, as realized in leisure time. 
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6. Facts 

A leisure term with an unbounded value function^ when added to utility in 
the Lucas (1988) ’mechanics of economic development’, expands enormously 
the range of data covered by the theory. To explain this we have to ask two 
questions. First: why leisure would be so much desired? Perhaps because 
leisure is one’s own time and such a leisure term means an unbounded value 
of individual freedom. But why leisure is economically productive, as implied 
by the results obtained in this study? Perhaps because cognitive innovations 
often occur during the time which in economics is registered as leisure? Then 
an unbounded leisure term would also make room for an unbounded creation 
of knowledge^ as distinguished from the mere transmission of knowledge in 
education and training. But the leisure term is also the ’hole’ through which 
the nonmaterial values of the demand side may affect economics. 

The ensuing ’extended mechanics’ is derived in Sections 12-14 and proves 
to involve an extension of growth theory as well as a theory of the causal 
part of business cycles. Their empirical verification is given by showing 

(i) that the existence of the two Basic Growth Paths derived from this 
theory, defining its Growth Type 1 and Growth Type 2, respectively, is 
verified already by the statistics collected by Solow (1957) but ignored so far 
(see Section 13 of the present study); one of them, viz. that of Growth Type 
1, is the familiar balanced-growth path that exists in other growth theories 
as well; the other one, that of Growth Type 2, is new and shows a logistically 
increasing level in real interest rate (or in output/capital ratio); 

(ii) that the nonstochastic Basic Business Cycles derived from this the- 
ory predict the correlations, autocorrelations, and standard deviations of 
principal real economic variables over detrended ’ordinary’ business cycles 
better than do the existing other real cycle models (of Kydland and Prescott, 
Hansen and Rogerson, or Danthine and Donaldson; see Section 15). The or- 
dinary business cycles correspond to cycles appearing in Growth Type 1 
around the balanced-growth path. It will be also shown 

(iii) that the anomalous correlations over detrended business cycles, ob- 
served in the U.S. economy in the period 1914-50, are well predicted by this 
theory, which accordingly gives their first (roughly) quantitative explanation 
(see Section 17). They correspond to cycles in Growth Type 2 around its 
cycle center that moves along the path mentioned above. 
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Since the correlations and variances of such economic variables over a de- 
trended cycle are the essential available data concerning business cycles, the 
results (ii) and (iii) imply a challenge to the method of stochastic optimiza- 
tion. according to which the technological or other shocks are introduced 
and coupled with economic variables before the optimization. This implies 
that the economic agents are able to react rationally to the shocks. But there 
is the other possibility that the agents in general react to trends, observable 
over some longer interval of time, rather than to the shocks. The results (ii) 
and (iii) suggest that in general they indeed do so: this possibility is realized 
by the Basic Business Cycles, which according to these results predict the 
essential data better than do the models based on stochastic optimization. 

To test this conclusion technological shocks, of the size usually applied, 
were superposed (see Section 20) upon the Basic Business Cycles (BBC) of 
the ordinary type, i.e. upon those of Growth Type 1. This means that the 
shocks are introduced after the optimization of utility, as perturbations on 
the strictly causal Basic Cycles given by the foregoing optimization. The 
results tell (see Section 21) that the effect of shocks on correlations and 
variances over a detrended cycle is small but not negligible. Of the empirical 
variance of output the BBC account for 90 % and the shocks for 10 %. What 
is more they tell (ibid.) that the BBC with and without shocks predict far 
better the correlations and variances over a detrended cycle than do the 
models based on stochastic optimization. This final result is illustrated in 
Section 13 by Figures 9 and 10, and in Table 12. They show 

(iv) that the BBC approaches with and without shocks both follow the 
patterns of empirical values of correlations and standard deviation propor- 
tions, respectively, while those models, marked as K-P, H-R and D-D, follow 
each other but stray together off from the empirical values. This suggests a 
common methodical error in those models: stochastic optimization. 

7. Conclusions 

The usual stochastic approach to development in the short run^ where 
material values prevail, is not necessarily affected by the above criticism 
provided that some dominant economic agents exist, which are able to react 
quickly, as assumed, to shocks. Material values and value functions are of 
course finite: you can increase your welfare by consumption but only up to 
a finite limit. But the above results suggest the following conclusion: 

Conclusion 1, Even the elegant Lucasian macroeconomic formalism (Lu- 
cas, 1987; Stokey and Lucas, 1989), more general than the ’’Keynesian” ones 
but involving (finite) stochastic optimization, is only a short-term approach. 
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Nonmaterial values, such as individual freedom or the pursuit of objective 
knowledge, have no upper limit. Their growth may continue, with many 
historical setbacks and however slowly, but without any finite limit. The 
inclusion of nonmaterial values in this study, by means of the unbounded 
value of leisure, explains the results (i)-(iv) and suggests a superposition of 
stochastic shocks, after the optimization of the extended utility, upon the 
strictly causal Basic Business Cycles, due to mutual interferences of material 
and nonmaterial values, which of course are not reducible to microeconomics: 

Conclusion 2, In the business cycles already nonmaterial values are in- 
volved, which is why the business cycles are not reducible to microeconomics 
(i.e. to finite values). 

The trend of economic development in the long run, i.e. over many 
business cycles, is in this theory represented by the Basic Growth Paths 
mentioned above. The development of real economic variables along these 
paths is determined by three functions of time indicating (see Section 18) 

1) the development of human capital, 

2) the strength of the wish of greater individual freedom, and 

3) the natural talents in population, respectively. 

There is a further result concerning the mutual relations of certain con- 
stant parameters, necessary for the existence of solutions in this theory. The 
same parametric relations are necessary also for the existence of solutions in 
the Solow and Lucas growth models. These relations imply: 

Conclusion 3. The savings rate has growth effects and stability effects, 
and there is a trade-off between growth and stability (see Section 19). 

A further unorthodoxy is the use of differential instead of difference equa- 
tions so that economic variables get their usual meaning when integrated 
over a finite interval of time. This choice was made for convenience (and 
better tools of analysis). The concept of invariance group (see Section 14) is 
an important new tool of interpretation: The differential equations of Basic 
Business Cycles are invariant in a group of linear transformations including 
time. This gives a new degree of freedom in operations with finite times. 

8. Is This Economics? 

Economics is still more a profession than a science. It is also very closely 
connected to politics. For both of these reasons economics, otherwise than 
for instance physics, is rather slow to accept new theoretical ideas. It follows 
that the definition of what is ’’economics” will still be subject to many 
changes in the future, much more so than is the case in exact natural sciences. 
Can one hope that economics, in a not too distant future, could cope also 
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with nonmaterial values? 

Such an extension of scope would not harm economics as a science. Let 
me give an example, in fact the reason why this study was originally started. 
The collapse of the East-European economic and political system in 1989 and 
the disintegration of the Soviet Union in 1991 took by surprise a great ma- 
jority of economists as well as general public. In textbooks of economics 
the ’great experiment’ of socialism was mostly given the treatment of a be- 
nign observer. In the eve of the fall of East-European socialism the leading 
textbook of mainstream economics stated: ”... several points about Soviet 
communism should be clear from the outset. First, contrary to what its 
early critics believed, the Soviet economy has grown rapidly, has expanded 
its influence, and has won many allies... From the point of view of eco- 
nomics, perhaps the most significant lesson is that a command economy can 
function.” (Samuelson and Nordhaus, 1985, p.771). 

Many reasons for this glaring example of mistaken economic prediction 
by an outstanding economist authority are easy to give, afterwards. But one 
fundamental reason undoubtedly is the traditional emphasis in economics on 
labour and physical capital as the main factors of production — a point that 
has been lately criticized (I am referring here to P. Romer, 1986, 1987, and 
to Lucas, 1988). In the long run human capital, i.e. knowledge and skills, is 
the decisive factor. But this observation leads us inevitably to the domain 
of nonmaterial values in the end. 

We have to ask wherefrom come new knowledge and skills. My favourite 
answer is that they come mainly from the free wanderings and experiments of 
thought during the leisure time of people. But if this is true, the leisure that 
allows creative faculties to bloom is the most important factor of all kinds 
of production in the long run. If the economic relevance of the unbounded 
human pursuits of larger individual freedom (i.e. leisure) and deeper ob- 
jective knowledge would have been in some form incorporated in economic 
theory, there would have been nothing to surprise one in the break-down 
of the Soviet Union. As to the general relevance of nonmaterial values in 
economic development, this of course is the Leitmotiv of the present study. 

(The references and appendices to Part 2 are at the end of this Part.) 
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In the present Part the classical theory of mathematical dynamics un- 
derlying dynamic economics will be applied paying special attention to the 
parameter conditions of existence of solutions in the applications of dynamics 
to economic theory. This has not been always done in economic applications, 
which suggests that a detailled introduction to the mathematical tools as ap- 
plied here may be useful. It will be given in the present Chapter IV, in two 
Sections the first of which concerns the basic Hamilton- Jacobi formalism of 
classical dynamics. 

9, The Hamilton- Jacobi Theory 

1. The Hamiltonian function. Assuming all the necessary properties 
of existence and continuity we write the Hamiltonian equations as usually, 

(9.1) Qi/ ^ ^Pi/ > ^ — I) 2, ..., r) 

for the position co-ordinates and the momentum components p^. The 
Hamiltonian function H{qi,^pi^) does not depend explicitly on time. It follows 
that it is a constant of motion: 

r 

(9.2) ^ = E + ^PuP-) = 0- 

t/=i 

A formal solution of (1) can be written, obviously, as 

<lu = P// = (i/ = 1,2, ...,r), 

■^ = E ^^Pv^iu ~ • 

l/=l 

The differential operator D gives the time derivative of any function z^q^y^pi,): 
z = Dz. The total state of the Hamiltonian system is defined by the totality 
of the components qi^ and pi^. 

A system of n mass points, moving in the 3-dimensional physical (Eu- 
clidean) space according to the laws of Newtonian mechanics, is the proto- 
type of a Hamiltonian system. Each of the mass points, consisting of matter 
concentrated at a point, has three position co-ordinates and three momen- 
tum components, thus r = 3n. The momentum components of each mass 
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point are defined as the product of its mass and its respective component of 
velocity, and can be accordingly written as 

(9.3) (f/ = 1, 2, r) 

where the same mass of course, appears three times. Then the equations 
of motion are given by (1), with the Hamiltonian function 

(9.4) H = T + V, T = V = V{q.). 

Here T, V and H are the kinetic, potential and total energy, respectively, of 
the system. 

2. The Lagrangian function. Because of (3) the laws of motion of a 
system of mass points can also be expressed in terms of the and instead 
of the qy and py. Instead of the Hamiltonian equations (1) we then have the 
Euler equations of motion^ 

( 9 . 5 ) ^Lq^ = Lq^, (u=l,2,...,r). 

The Lagrangian function L gives the difference between the kinetic and po- 
tential energies, i.e. 

(9.6) L{q,,,qu) = -V{qu). 

^ i/ = l 

The formulae (1) and (5) of course are mutually equivalent expressions of the 
equations of motion of the mass point system. The transformations H L 
and L — > , or from the variables (qi^^Pu) to the variables (qu^qu) and vice 

versa, can be given the following symmetric form: 

r 

(9.7) L{qy^ qy) -f H[qy,Py) = Ql^Pl/y 

l/=l 

(9.8) L^^ = Pi/) Hp^ = qy. 

The latter equations obviously follow from (1) and (5), while (7) has the 
double kinetic energy on both sides. From (7) we immediately obtain the 
further relation 

Lqy + Hq^ = 0 . 
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3. The action principle. We now consider an r+ 1-dimensional space 
of the variables Ui^ and the time t. Let the be functions of time, continuous 
and continuously differentiable. Let A and B be two points of this space, 
defined by A = (i^i/(0),0) and B = ti > 0. We let B move freely 

on the surface T{uiy(ti),ti) = 0. 

For any function continuous and at least twice differentiable 

with respect to its variables, and satisfying the condition 

where the expression | • | means determinant, the geodetic distance from A 
to B is defined as the smallest value of the integral 

fti 

(9.9) = / L{uiy,Ui,,t) dt. 

Jo 

A necessary condition of an extremal value of J is obtained by variation 
of the path Uy{t) from A to B and requiring that dj = 6Ldt = 0. But 

r 

6L = Y^ (^Lu^Su^ + , 

Z/=l 

where, by partial differentiation, we have 
This gives, since 6uy{{)) = 0: 

r / d \ ^ 

v =\ “'0 ax / 

Since this must hold good for any points on the path and since 6uiy(ti) is 
different from zero at least for some value of i/, the first term gives the Euler 
equations now written for the function L with an explicit time-dependence^ 

(J^ = 1,2, ...,r) 



while the second term defines what is called the natural boundary conditions: 
(9.10) L^,{h) = 0. {u=l,2,...,r) 
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If we drop the explicit time-dependence of the action function L, and if we 
put Ui^ =: we can identify L with the Lagrange function of a system of 

mass points. Thus interpreted the proof given in this section has shown that 
the motion of particles in such a system takes place along the ”le£tst action” 
path. 

4. The Legendre function. In imitation of the equations (7) and (8) 
holding good for a mass point system, we can define for any given action 
function L{uu^Uy^i) now the canonical momentum associated with the 
function by writing 

(9.11) (i/ = 1,2, ...,r) 
and the Legendre function G by the formula 

d f ^ 

(9.12) G{uiy^Vi,^t) + L{ui,^Uiy^i) = 

i/=i 

In the imitation, the rest of the transformation (7)-(8) gives 

(9.13) = (i. = l,2,...,r) 

By derivation, (12) immediately gives 

(9.14) Gu,+Lu,=0, 

It follows that the Euler equations of the action principle are equivalent 
to the equations 

(9.15) u^ = Gv^, = (i/ = 1,2, ...,r) 

called the canonical equations of motion. 

It is to be emphasized that in these equations both functions G and L 
in the general case depend explicitly on time. 

Thus the canonical dynamical system is in the general case not a Hamil- 
tonian system and it has necessarily no constant of motion.^ 

However, just like in a Hamiltonian system to every Lagrangian function 
there corresponds a Hamiltonian function and vice versa, in a canonical 
system to every variational integrand or the action function L{ui^^ there 

corresponds a Legendre function G(Ui/,u^,f) and vice versa. 

^In dynamic economics the dynamical systems usually are canonical systems, not Hamil- 
tonian ones. Therefore no constant of motion is necessary. This hcts been sometimes forgot- 
ten, for instance when P.Mirowski (1990,p.302) regrets that the economists ’’have never 
made up their minds about what precisely it is that should be conserved in their theoretical 
system” . 
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5. Transversality conditions. For a small time-displacement 6ii in 
(9) we get, in view of (12): 



StiJ = = 



X) - G(ti) 



,1/ = 1 



Sti. 



Similarly, for a small displacement of the path u^(t) we first get by applying 

( 12 ): 

6uJ = I yj [vuSiip + — Gu^^Ui, — Gv^^Vu] di. 

U=1 

Here the canonical equations (15) can be applied to give 



(9.16) 8uJ = f ^{vu8uu)dt = Vu{t\)Su^{t] 

i/=i i/=i 



)• 



(Note that <5u^ = 0 for t = 0.) 

Written for a variable time i instead of the fixed time the variational 
formulae give: 

^ S Ju,u^ - G, thus dtJ = -G. 

i/=l 

Hence we get the Hamilton- Jacobi equation 



(9.17) dfJ — 0. 

It defines the geodetic distance from A to jB as a function of the moving end 
point B = (U|/(f),f). 

On the other hand, the surface of equivalence of the geodetic distance J 
from the fixed initial point A to the point B is given by 



/(iii,(fi), ti) = Constant, 
or, written for the variation 6J: 

r 

(9.18) ^t/(fi) = ^ ^^i/(fi) + 

i/=i 

In order for the extremal path Ui,{t) to be transverse with respect to a 
given boundary surface T{ui,{ti),ti) = 0 through the point fi, the equation 
of the surface 7", in a differential form 

mh) = E 

i/=i 
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must be equivalent to (18) in a neighbourhood of B, i.e. there must be a 
proportionality of the coefficients: 



These relations are called the conditions of transversality of the extremal 
path with respect to the given surface T = 0. In view of (16) and (17) 

they can be written in the form 



(9.19) 




(j^ = l,2,...,r) 



They too are, of course, only necessary but not sufficient conditions of the 
attainment of the minimal distance from A to B. 

A further necessary but not sufficient condition of the minimal distance 
is the Legendre condition 



T 

(9.20) > 0 for 



For the derivation of this condition a consultation of the well-known ad- 
vanced textbook of Courant-Hilbert, Methods of Mathematical Physics I-II 
(in its English translation first printed by Interscience Publishers, New York, 
in 1953) is suggested. 

6. The ’’principle of the largest action”. If instead of a minimum 
J a maximum of J is wanted, we simply have to replace the variational 
integrand L by —L in all the above formulae. The Legendre transformation 
(11)-(13) then reads: 



(9.21) Vy = -L^^, Uu = Gv^, (u = l,2,...,r) 



(9.22) G(ui,, v„,t) = L{u^,Uu,t) + ^ iiuVu- 

i/=i 



Thus we have now 



(9.23) 



Guu=Lu^, (i/ = l,2,...,r) 



and the canonical equations of motion retain their form (15). 
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The transversality conditions (19) and the natural boundary conditions 
(10) are unchanged, while the Legendre condition (20) obviously is changed 
to 

r 

(9.24) ^ ^ foT0<t<ti. 

It is in the form of the ’’principle of the largest action” that the Hamilton- 
Jacobi theory is applied to growth theory. 

10, The Maximization of Accumulated Utility 

1. Canonical equations for discounted utilities. Suppose we have 
to maximize the function 

= / e~P*U{u^,u^,t)dt, p>0, 

Jo 

where U is a, currenUtime utility depending on a number of factors of pro- 
duction their time derivatives and the time p being the discount rate. 
The problem is one of the action principle applied to discounted utility 

( 10 . 1 ) L{uy, iiy^t) e‘~P^U{uy,iiy,t). 

For L the Legendre transformation (9.21)-(9.22) is valid: the canonical mo- 
mentum Vy is now defined by 

(10.2) V, = {u = 1, 2, ..., r) 

the Legendre function G by 

T 

(10.3) G{Uy, Vy,t) = e^P^U{Uy,Uy,i) + ^ iiyVy, 

1/=1 

and the canonical equations are given by 

(10.4) iiy — Gvy^ Vi/ — —Guy — —Luy^ 

Let us introduce, with Kurz (1968), the variables 

(10.5) Ttu -U^^ = eP^Vy, {v = \,2,...,r) 

(10.6) G* eP^G(u^,v^,i). 
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In terms of these variables the canonical equations (9.15) become 

(10.7) ti, = = 

(10.8) 7^1/ = P'^i ' = 1, 2, r) 

These equations are in economics often called the ’’modified Hamilto- 
nian equations”, which is misleading in two ways: first, it misleads one to 
believing that the function G* is a Hamiltonian function, which it is not; 
secondly, it wrongly suggests that the system considered is a Hamiltonian 
system, which it is not. The system is a non- Hamiltonian canonical system, 
and the function G* of course belongs to the category of Legendre functions. 
Let us call it the currenUiime Legendre function. 

The transversality conditions retain their form (9.19), only the definitions 
of the variable and the function G have changed to the forms (2) and 
(3), respectively. When expressed in terms of the Kurz momentum the 
conditions are: 



(10.9) 




dtT 

Tui, 



h 



(u = 1,2, ...,r) 



The Legendre condition is that of the ’’principle of the largest action”, 
i.e. (9.24). The natural boundary conditions (9.10) too are unchanged but 
can be now written in the form 



( 10 . 10 ) = 

Mostly in applications to growth theory ti = oo. 



2. The Solow growth model revisited. We have a single factor 
of production, the physical capital together with a given labour force 
N = A/'(0)e^^,n > 0, to produce the output Y and the consumption per 
capita c by means of the following production function and growth equation: 

(10.11) Y = AI<I^N^~ k = sY = Y - cN, A/A = g > 0, 

(10.12) c=L(^AK^N^-^ - k^=c{K,k,t), 0<I3<1. 

We maximize 

J(K,ti) = T' e~P^NV{c{K,k,t))dt = N(0) f' e(" ~ P)^V{c)dt, h = oo, 
Jo Jo 

(10.13) 
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where current-time utility per capita V will be determined so that the Leg- 
endre condition and the natural boundary condition are satisfied. 

The canonical Kurz momentum p associated with the variable K, ac- 
cording to (2), (5) and (11), is 

(10.14) p=-N{Vc)c^ = Vc, 

By imposing on V{c) the further assumption that it is a bijection, we have 

(10.15) c=W^(p), 

which expresses the consumption per capita in terms of the Kurz momentum 
P- 

The current-time Legendre function C is then, according to (3), (6), (13) 
and (14), given by 

(10.16) G*{K,p,i) = NV{c{p)) + pk{K,p,t), 
where, in view of (11), 

k{K,p,t) = Y{K,t)-c{p)N{i). 

It follows that the canonical equations of motion, (7) and (8), now have 
the form 

(10.17) K = y(A",t) — c(p)A(t), (growth equation of capital) 

(10.18) p = pp — PpY/K. (Euler equation) 

The natural boundary condition and the Legendre condition now become 

(10.19) lim e-P^Vc = 0, 

t—^oo 

(10.20) Vcc < 0 for finite times t > 0, 
respectively. 

The ’’balanced-growth” substitutions 

y ^ y* = y*(0)e^^ 1< K* = K*{0)e^\ 

where 

(10.21) A = s*6* = n-f-y^, 
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s* and being positive constants, viz. the balanced-growth net savings rate 
and the balanced-growth net output/capital ratio, respectively, obviously 
satisfy the growth equation in (11), equivalent to (17). This gives 

c — ► c* = 6*^(1 — s*)[A"*(0)/A/’(0)]e('^ ~ > oo with t oo 

since, because of (21), 

(10.22) A > n. 

It follows that the choice 

(10.23) V{c) = ^ (cl - ^ - l) 

for the function V satisfies (19) and (20) for any positive a. (For cr = 1 it 
gives logc.) Here the positive constant cr can be interpreted as the coefficient 
of risk aversion (Lucas, 1988). With this choice for the function V{c) we have, 
in view of (14), 

(10.24) p=c~^. 

To satisfy also the Euler equation (18) on the balanced-growth path we 
must have, along with (24), the further parameter condition 

(10.25) p + (T{X-n) = f3b\ 



When solved for a this gives 

SO ~ n 

Thus the risk aversion coefficient is not an independent parameter but is de- 
termined by f3^b*yS*^p and n. In (26) both the nominator and denominator 
are positive, because of (21) and (22). 

3. The parameter conditions of transversality in the Solow 
model. Let us study under which conditions the balanced-growth solution 
satisfies the transversality condition. It is natural to choose the surfaces of 
equivalence of output, Y{K^t) = Constant, as the boundary surfaces T = 0. 
This gives, in view of (9) and (11), the following transversality condition: 



(10.26) 



-G 



g + n{l- /?) 






for ti = oo. 



(10.27) 
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In this form the condition is not valid in the Solow model, since for ti = oo 
the left-hand side gives negative infinity, while the right-hand side gives the 
positive one. By rewriting it as 

(10.28) + ~ j e-P*p{h)K{ti) = -G{h), for h = oo, 

this problem is avoided. 

First we shall study under what conditions, to be imposed on parameters, 
the transversality condition (28) of the Solow model can be given in its usual 
’’textbook form” 

(10.29) e^P^p{i)K{i) 0 with i oo. 

By applying (6), (16) and (23) we get 

A 

1-<T ) 

There are two alternative cases: 

Case (i). On the condition that 

(10.31) C7>1 
we have 

-I 

— ► Constant with i — ► oo. 

1 — (7 

On this condition the first term in (30) approaches zero with time, provided 
that the further condition 

(10.32) p > n 

is also satisfied. From (31) and (32) it follows, in view of (26), that also the 
following parameter relation holds good: 

(10.33) s" < /?. 

But this is just the condition under which the second term in (30) vanishes 
in the limit t oo. Thus (31) and (32) express the necessary and sufficient 
conditions under with the transversality condition of the Solow growth model 
assumes the ’’textbook form” (29). 

Case (ii). If (31) is not valid, the maximal utility per capital function 
will be obtained for cr = 0, in which case 





(10.30) G = AT(0)e('^ “ f 
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This approaches infinity on the balanced-growth path like the exponential 
function exp(A — n)t. It follows that the first term in (30) will approach zero 
with increasing time on the condition that we have now, instead of (31), 

(10.34) p>X. 



This is a very strong condition, stronger than (32) and, in view of empirical 
evidence, also stronger than (31). In order that the ’’textbook form” would 
express the transversality condition in the Case both parameter relations 
(33) and (34) must hold good. 

We have so far studied under which conditions the transversality relation 
of the Solow model can be given its ’’textbook form” (29). But the same 
conditions already certify the validity of this relation on the balanced-growth 
path. This is because the parameter condition (33) is also sufficient to make 
the expression to approach to zero asymptotically. This evokes 

the queston: why to write at all the ’’textbook version” of the transversality 
condition, since its validity is already guaranteed when writing it down? 

A potential objection to the above question could be that the conditions 
of convergence might be different in the cases, where the initial state A"(0) 
is not on the balanced-growth path. But this is not true. On the contrary, 
it has been proved by D.Cass that for any initial capital A"(0) > 0 the 
general solution of the Solow model will converge to the balanced-growth 
path asymptotically. 

The importance of the parameter relations (22), (25), (26), (31) and (32) 
has been emphasized above, since the same relations will appear also in the 
Lucas growth model and in its generalization later on. A further relation 
of considerable interest is obtained when solving the balanced-growth Euler 
equation (25) for the parameter 



(10.35) 



6 ' 



n — p/cr 
s* - (3 1 a' 



We shall have reason to return also to this formula later. 

Comparison with empirics. Lucas (1988) used estimates based on the 
Denison (1961) numbers calculated from the U.S. economy in the period 
1909-57. These numbers are in accordance with the theoretical parameter 
conditions obtained in Case (i). The relevant empirical estimates are: 



(10.36) ph* « .0675 > A « .027 > n « .013, s" « .1 < /? « .25. 



For the discount rate p a value between .02 and .04 is regarded reasonable. 
This would give for the risk aversion coefficient the limits 3.96 and 1.39, 
respectively, in accord with Case (i) above. 
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There are five independent parameters in the Solow model. They can be 
chosen in several ways, for instance: n,j3,p,s” and 6*. 

4. The Arrow-Kurz generalization. From (16), (17) and (24) we get: 

G* = N{Vc-p) = 0 for p=Vc, 

G:, = NVcc < 0 . 

Thus the Legendre function G* attains a maximum with respect to c at the 
point, where Vc is equal to the Kurz momentum p. 

If we forget now the origin of this Legendre function, and define a surro- 
gate function by writing 

(10.37) H*{K,p,t-c) =-^ NV{c)+pk{K,i,c), K = Y{K,t) - cN, 
we can perform the maximization of the accumulated utility 

/ = e~P^NV{c)dt 
Jo 

in the following simple way. 

First choose c = c, where c solves H* = 0 and < 0, to get a function 
of the variables K^p and t: 

(10.38) H\K,p,i) = NV{c) + pk{K,t,c). 



Then, obviously, 

(10.39) = k. 

Consider then the Euler equation 

Jt^^k = h<. 

which is a necessary condition of the maximization of the accumulated utility 
J, provided that 

(10.40) L{K,k,t) = e-P^NV{c). 

Hence we get successively: 

= ^-Le-P^NV(c) 
dt ^ dt dK ^ ’ 



,-pi — 
dt 

Lk = e-P^NVcCK = e~P^VcYK. 



= pe-P^Vc-e-P^jVc, 
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For c = c this gives 

(10.41) 

Thus we can maximize the accumulated utility also by 1) maximizing 
with respect to the control parameter c and 2) writing down the ’’modified 
Hamiltonian equations” for the surrogate function ^ in this connection 
often called the ’’current-time Hamiltonian”. 

Arrow and Kurz (1970) showed that this shorthand method can be as 
well used in a many-factor and many-parameter case, to maximize 

(10.42) J — f ; a^)df, 

Jo 

subject to the growth equations 

(10.43) = /(*')(«, t;a^), (i/ = 1, 2, r; /i = 1, 2, m), 

where u = (ui , U 2 , ..., u^). Thus one must first write down the equations 
dH^fda^ = 0, and then add to the list of equations the ’’modified Hamilto- 
nian equations” for each pair of the canonical variables The three 

kinds of necessary conditions, viz. the natural boundary conditions, the 
Legendre condition and the transversality conditions must of course been 
finally added to the list. This generalized method will be applied in the next 
Chapter V. 
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THE LUCASIAN MECHANICS OF ECONOMIC DEVELOPMENT 
AND ITS EXTENSION TO NONMATERIAL VALUES 

11. Growth Theory as Based on Rational Expectations 

The Lucas growth theory (Lucas, 1988) has a particular structure that 
reflects the idea of rational expectations. First there is a situation, in which 
the households and firms react to what is generally expected to be common 
knowledge, i.e. a sort of average level of human capital in society. In the 
theory this level is exogeneously given, just as the exogeneous factor of tech- 
nological progress in the Solow model. The fundamental equations of the 
theory are constructed in this situation, which will be here called the ’’re- 
action of the market to common knowledge” . Then market clearing creates 
a second situation, in which the exogeneously given and the endogeneously 
produced average levels of human capital coincide. The solution of the fun- 
damental equations has to take place in the second phase, to be called here 
the ” market clearing” . 

1. The reaction of the market to common knowledge. We maxi- 
mize 

(11.1) J = J°°Ldt = J°° e~P^N di, AT(<) = AT(0) e"*, 

subject to 

(11.2) k = sY = Y{K,h,t-,u)-cN, 

(11.3) y = AI<l^{huN)^- ^h'^, 

(11.4) h = k{l - u)hj 

where n^A.K^k and (3 are positive constants there being /? < 1 as usual. 
What is new when compared to the Solow model is the human capital as 
a new factor of production. It appears in two versions, viz. as the human 
capital h to be endogeneously determined by the theory, and as the exoge- 
neously given ’common knowledge’ ha. The factor h represents the actual 
average level of knowledge and skills per worker in society, while ha stands 
for the generally expected average level. 

A new control parameter also appears, viz.u, which is the share of the 
total working time N(t) used in production in the period of production (i.e. 
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the year) t. The remaining part (l — u)N of the total working time is spent in 
education and thus devoted to the accumulation of human capital. Learning 
by doing is not included in this Lucas theory, but it will be included in 
the generalization to be given in Chapter 4. The factor of production huN 
represents the labour input to production, where the impact of knowledge 
and skills is taken into account. 

The surrogate H* for the Legendre function G*, which appears in the 
Arrow-Kurz generalization, is now given by 



H*{K,h,p,q,t;c,u) = N 




-f pK{K, h,t; c, u) + qh{h,t] u), 



where p and q are the Kurz momentums associated with K and h, respec- 
tively. The equations of motion accordingly include the following ones: 

(11.5) H; = 0, i.e.p = c~‘^, 

(11.6) K = 0, i.e.u = {l-^)pY/kqh. 

The ’’modified Hamiltonian equations” can then be written for the ’’current- 
time Hamiltonian” They add to the growth equations (2) and (4) the 
Euler equations 

(11.7) p/p = p-{l/p)H°j, = p-f3Y/K 

(11.8) q/q = p-(l/q)Hl = p-k. 

The latter is obtained immediately from (6) and from the fact that is 
equal to H* ^ where c and u solve the equations (5) and (6), respectively. 

We can see at once that the Legendre condition is satisfied, since in view 
of (1),(2),(3) and (4) we have: 

^kk ^kh _ -{(x/N)e-P^c~^^ + 1) 0 

^kk ^hh 0 0 

Thus the quadratic form (9.24) of Section 9 now reduces to 

~{a/N)e~P^c~^^ + < 0 V<. 

The natural boundary conditions are 

= —e~~P^c~^ — *■ 0, Lj^ —>■ 0 with i —* oo. 




GROWTH THEORY AS BASED ON RATIONAL EXPECTATIONS 51 



The first one is satisfied, if c — ► oo, which is the case again, at least on the 
balanced-growth path, of which we are interested. The latter condition is 
fulfilled, because Lj^ = 0. 

2. The market clearing. The markets now adjust the exogeneously 
given and the endogeneously produced levels of human capital to coincide: 

(11.9) h{t) = ha{t) Vf. 

Thus instead of (3) we now have 

(11.10) Y = 

The transversality conditions in their original form, of course, are the 
following: 




with ti = oo. Here 

dtY = n(l ^ (3)Y, YK = fiYlK, Yh = {1 ^ (3 + K)Y/h. 

But again, as in the Solow model, this original form of transversality 
conditions would give — oo = +oo, and it has to be replaced by the form 

(11.11) lim e'~~P^pK = ^ lim G, 

^ t-^oo ^ n(l - /?) ’ 

(11.12) lim e'^P^qh = — ~ lim G. 

To see on which conditions they are valid we have to study the solution of 
the defining equations of motion (2)- (8) of the Lucas growth theory. 

Again the balanced-growth path will be the most interesting part of the 
solution of the equations (2),(4)-(8) and (10), in fact the only part of solution 
which can be actually worked out. It is defined by 

y* = y*(0)e^^ K* = K*{0)e^\ h* = h*{0)e^^. 

This together with (2) gives again 

c* = c’(0)e('^ - 
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but for 1 / and A we now get, from (4) and (10), respectively, the conditions 
u = fc(l — u*), thus u* = Constant, 

A = /?A + (1 - /?)n + (!-/? + k)i>. 

Hence three new parameter conditions emerge: first 

k — u , . 1/ 

( 11 . 13 ) " = — ■ '-“=?' 

then, because we must have 1 < u* < 1, 

(11.14) k>u>0, 



and finally: 

(11.15) A-n= 

With (lO)and (13)-(15) the above balanced-growth substitutions solve the 
growth equations (2) and (4). The balanced-growth equation (2) of physical 
capital again gives the further relation 



(11.16) A = 

Turning to the Euler equations (7) and (8), the former one together with 
(5) gives on the balanced-growth path the important parameter condition 

(11.17) p + cr(A — n) = 



met in the Solow model already. From this together with (16) we have again: 



(11.18) 



_ Pb* - p _ n - p/a 
^ s*b* — n’ s* — ^j(T 



As to the equation (8) it of course is already a general solution and holds 
good on the balanced-growth path as well. 

Of the two conditions (5) and (6) to be imposed on the respective control 
parameters c and u, the equation (6) gives, as a consequence of a constant 
balanced-growth share u* and (17): 



(11.19) fc = /?6"-(A-z/). 

It remains to consider the transversality conditions (11) and (12). Now 
the Legendre function G comprises three terms: 

G = NV{c) 4- e^P^pK -f e~^P^qh. 



( 11 . 20 ) 
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We again have, just like in the Solow model, two possible ways of satisfying 
the transversality conditions: 

Case (i). Here we have the parameter conditions 

(11.21) cr > 1 and p>n, 
from which, in view of (16) and (18), 

(11.22) s*</3 

follows. The conditions (21) make the first term in G to approach asymp- 
totically zero and the condition (22) makes the second term to do so. In 
order for the third term in G to approach zero asymptotically we need the 
further parameter condition (14), which of course must be valid for other 
reasons too. On the conditions (14), (21) and (22) we can thus write the 
transversality relations in their ’’textbook form” 

(11.23) 0 and e~~‘P^qh — ► 0 with t oo. 

Actually, just like in the Solow model, there is no reason to do so, since these 
relations are already satisfied on the same conditions under which they could 
be written down. 

Case (ii). If we reject the condition that o* > 1, we have to impose on p 
the very strong condition that 

(11.24) p>\. 

This together with (14) and (22) will in this case allow us to write down the 
transversality relations in the ’’textbook form” (23). And again the same 
conditions already suffice to satisfy them. 

Comparison with empirics. The Denison estimates (US 1909-57) can 
again be used to check the order of magnitudes. As an addition to the Solow 
model we can now make use also of the average annual rate of growth of ed- 
ucation, which in the U.S. in that period gives u « .009. This together with 
the earlier mentioned numbers (3 « .25, A « .027 and n « .013 gives, in view 
of (15), K « .417. Lucas (1988) chose k = .05, which by (13) gives u* « .82 
and 1 — li* « .18, which are not too bad numbers for approximating the 
percentage of American grown-ups in production and in education, respec- 
tively. But the coefficient k is not an independent parameter but depends, 
as shown by (19), on the values of /?6*, A and v. This gives k = .0635, which 
indeed is not far from the value .05 suggested by the Lucas intuition. The 
true value .0635 of k gives the share of people in education .14. 
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Lucas (1988) also considered the values of p between .02 and .04 as reson- 
able. They give, by (18), for the risk aversion coefficient a the corresponding 
limits of variation, between 3.39 and 1.96, respectively. Here the numbers 
s* ^ .1 and b* « .27, calculated from the Denison estimates, were used in 
addition to the already mentioned numbers. Again the empirical estimates 
suggest that Case (i) has to be preferred to Case (ii) as the source of the 
parameter conditions to be applied. 

There are six independent parameters in the Lucas theory, for instance 
n, p, /?, «, s* and 6*. 

12. The Extension of Lucasian Mechanics 
to Nonmaterial Values 

1. The first axiom of generalization. If N{i) is the grand total 
of the living times of all grown-up people in society during the period of 
production, e.g. the year, f, we write 

(12.1) N{t) = v{t)N{i) + [l-v{t)])N{t) = Noe'^^, n > 0, > 0 

(12.2) v{t)N{t) = u{t)v{t)N{t) + [1 - u(<)]t;(i)A^(f) 

Here v{i)N{t) is the grand total of working times of all those people during 
the year f , [1 — u(f)]V(f) being the grand total of their leisure times in that 
year. The coefficient v{t) thus is the share of working time of the grand total 
of their living times in that year. The coefficient u{t) tells the share of the 
time spent in technical or manual kind of work in the total working time 
vN. The rest of the total working time, [1 — u{t)]v(t)N (t) has been devoted 
to the accumulation of human capital, i.e. of knowledge and skills. 

Here a difference when compared with the concepts of Lucas is evident: 
now both the time spent in school or in listening to some teachings, that is, 
in education and the time at work during which learning-by-doing has taken 
place are included in the time devoted to the accumulation of human capital. 
Lucas exluded the latter part of it, since it cannot be measured. We shall 
include it because of its importance in the learning process. Thus the share 
u is here accepted as a hidden variable^ which cannot itself be observed but 
which affects observable variables. 

The total human time N{t) is an important economic variable, because 
it necessarily appears in the economic process both as an input and as an 
output. Here, however, its production by the economic process is only im- 
plicitly involved, while its effects on economic development will be explicitly 
analysed. This implies that, in addition to the total working time uAT, we 
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shall study also the economic effects of the leisure time (1 — v)N. 

The effects of leisure time upon economic development are here assumed 
to be so remarkable that leisure is represented by a term in the current-time 
utility function. Thus our Axiom No.l is the following value function: 



roo TOO , 

J= Ldt = / e~P 
Jo Jo 



N 



I — O’ 






dtj 



where ^ is a weight coefficient of leisure, to be endogeneously determined. 

This weight thus measures the strength of wish for leisure in population, 
that is, the wish for the control of one’s own time, or the wish for individual 
freedom if you like. Thus the second term introduces a nonmaterial value to 
the economic utility function, in addition to the material value as expressed 
by the consumption term. 

The idea behind the inclusion of the second term is that people do not 
use leisure only for being lazy. Or, if they are lazy, their thoughts may 
fruitfully wander and search new domains they would never find in their 
routine work. In fact the thesis can be promoted that people are at their 
most innovative just during the time, which in economic statistics must 
be registered as leisure. Innovations, on the other hand, are essential for 
scientific, technological and economic progress alike. 



2. The fundamental equations. In accordance with the two-phase 
process of the Lucas theory we shall first maximize the accumulated utility 
given above subject to 



(12.3) 

(12.4) 

(12.5) 

( 12 . 6 ) 



K = sY = Y{K,h,t;c,u,v) — cN, 
Y = AKf^{huvN)^~ 
h = k{l — u)vNh^ 
k = koe^^ , fco > 0, m > 0, 



the factor ha being exogeneously given. Here the growth equation (5) of 
human capital differs essentially from the corresponding Lucas equation. 
This Axiom No, 2 will be explained in the next paragraph 3. 

The maximization can again be done by means of the Kurz- Arrow method, 
starting with the ’’current-time Hamiltonian” 



h^p^q^t'yC^u^v) = N 



1 — (7 



+ ^{l^v)N +pK + qh, 
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It gives first: 



(12.7) 


h: 


= 0, 


(12.8) 


K 


= 0, 


(12.9) 


K 


= 0, 



i.e. p = c ^ , 



The growth equations of both factors of production having been given 
already, by (3) and (5), respectively, we still have to write the Euler equa- 
tions, in which the function is equal to the function i/’*' in which the 
control parameters satisfy their equations (7)-(9). Thus we get: 



(12.10) i>/p = p-{\Ip)H°k = p-PYIK, 

(12.11) q/q = p-{\/q)Hl = p-{l-p)pYlqh-k{l-u)vN. 

Finally, before the solution of the equations (3)-(ll), we have to indicate 
the market clearing by making 



h{t) = ha{i) V<, 

thus replacing (4) by the ex post production function 

(12.12) Y = AK^ {uvN)^ - P ^ 



The formulae (l)-(3) and (5)-(12) together with the natural boundary 
conditions, the Legendre condition and the transversality relations define 
the generalized dynamics to be studied in the rest of this book. 

3. The second axiom of generalization. Let us stop for a while to 
consider the second essential deviation from the Lucas theory, viz. the new 
growth equation (5) of human capital. 

The main reason for introducing the formula (5) is the wish to emphasize 
the character of the accumulation of knowledge as a social activity. Lucas 
himself was far from denying this, as he wrote: ’’human capital accumulation 
is a social activity, involving groups of people in a way that has no coun- 
terpart in the accumulation of physical capital” (Lucas, 1988, p.l9). But 
this property of human capital accumulation is better represented by (5),no^ 
reducible to microeconomics^ than by the Lucas formula. The latter, when 
expressed in our variables, would be 

(12.13) h = Ar'(l — u)vh. 
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It is impossible to find any direct evidence or observation to support the 
form (5) rather than (13), because of the impossibility to observe directly, 
at least with the presently available scientific means, the processes, social 
or individual, in which knowledge is accumulated. However, it is possible to 
reject an objection that the formula (5) may easily evoke. The idea, involved 
in (5), that the growth of human capital also depends on the magnitude of 
the ” population” N or, more exactly, on the grand total of time spent by 
all individuals in society to the accumulation of knowledge and skills, is by 
no means unrealistic. Consider for instance the contribution to scientific 
civilization of advanced nations, such as the Americans, British, Germans 
and French. If we study the national distribution of great innovations among 
these nations, we can see the advantages of a large civilized population quan- 
titatively confirmed. In the period 1840-1971 studied by van Duijn (1981), 
the U.S. led by 49 innovations (56%), before Germany’s 20 or 23%, Britain’s 
10 (11%) and France’s 9 (10%). But important innovations contribute to 
the growth of common knowledge, i.e. of the average human capital h. 

The numbers evidently are much higher than the shares of the corre- 
sponding populations in the world, which suggests some necessary distribu- 
tion of education or wealth, or both, before we can speak of a systematic 
accumulation of average human capital in a given society. It is also un- 
derstood that the innovations are made by individuals. What is suggested 
here is that a large and dense civilized community creates an intellectually 
activating environment, just like cities often are more intellectually activat- 
ing than the countryside — evidence for which has come from Krugman’s 
well-known studies of Chicago and Los Angeles. 

There is also a formal argument favouring the ’mass effect’ formula (5), 
and thus the idea that in human capital formation indeed ’’the effect of a 
whole may be greater than the sum of the effects of the parts”, if you like. 
One can show that, while the differential equations of the Basic Business 
Cycles (paragraph 4 below) can be derived with both (5) or (13), the exis- 
tence of solutions requires the form (5). Indeed, if (13) is used, the existence 
of acceptable solutions demands that k' = kN^ which returns (13) to (5). 

4. The derivation of a general solution algorithm. Let us use the 
short notations 



^ = P + rn-i/^, 

^ = (^/0 + (W) 



(12.14) 

(12.15) 
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We can then write the following equations: 



(12.16) qh = ^/k, 

(12.17) uvN = rj^/k, 

(12.18) pY = ^rP/(l-f3)k. 



The first of them is obtained by dividing the left and right side of (8) by 
the corresponding side of (9). The next is then obtained from (8) and (11), 
when using the notation (14). The Icist equation is given by (8), (16) and 
(17). 

From (18), by using (1),(3),(6),(7) and (15), we get successively: 



(12.19) 

( 12 . 20 ) 



Y = 



ui-m 


cr — 1 


■ N ■ 


J 




.1 — S_ 



a 

( 7—1 






m — $ s 
+ 



1 — s 



By inserting Y from (18) into (10) we have first: 



( 12 . 21 ) 



K = 






-*) 



By derivation with respect to time and equating the result with (3) this 
gives: 

y _ ^ (f + ^ + 

^ ^ + p + m - ^ 

By inserting here Y /Y from (20) and Y/K from (21) we get for the net 
savings rate s the following second-order differential equation: 

(12,22) I log (a + i) = (/? - s) (o + 6) - o. 



where 

(12.23) 

(12.24) 

(12.25) 



b = a{a + n — pjcr) , 
a = p -f m ~ 
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The variable whose logarithm is taken in (22) will be denoted by if. It 
represents the net output/ capital ratio and satisfies, obviously, the following 
identities: 

(12.26) w = ar^— + h = -\^-\-p-\-rri-iS}\=—. 

In terms of the variables s and w we can rewrite (22) in the form of two 
mutually coupled first-order differential equations: 

(12.27) s = ~(1 — s)(u; — 6), w/w = (/? — s)u; — a. 

a 

The time functions N and k having been given by (1) and (6), respec- 
tively, a general solution algorithm of the fundamental equations can now 
be given in terms of the time functions ^ and xp and the constants of this 
dynamics: 

(1) Solve the savings rate s from (22), choose the parameters a, 6 and a 
to satisfy the conditions (23)~(25). 

(2) Choose the (because of (16)-(18)) positive-valued functions xp and ^ 
in accordance with (24) and (25). 

(3) Find the (net) output Y from (19). 

(4) Compute the physical capital K from (21). 

(5) Get the human capital h from (12), after inserting there uvN from 

(17). 

(6) Find the total working time vN and its share v in the total life time 
N from (5), after inserting uvN from (17) into (5), 

(7) Compute the other allocation function u then from (17). 

Of the remaining two fundamental variables p and q the price function p, 
related to the expected future values of physical capital, can be found imme- 
diately after the third step of the above algorithm, by using (18). The price 
q telling about the expected future values of human capital can be computed 
after the fifth step from (16). 

The dependent economic variables, such as the total consumption C = 
(1 — s)^, investment sY , employment i.e. the labour input E = huvN = 
h^/k to the production function, and the productivity of labour i.e. the 
real wage level W = YfE etc. can be of course then easily computed on the 
basis of the known fundamental variables. 

5. The natural boundary conditions. In the generalized dynamics 
they obtain the form of the following conditions: 

(12.28) L^. = -eP^p^O, 
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(12.29) = -ePU^O, 

with t oo. The former one is the same as in the Lucas theory. The latter 
needs some attention since now, otherwise than in the Lucas case, we have 
^ 0 . 

Now also the control parameter t;, and not only c, is included in the 
utility function. But this parameter is a function of h, since in view of (5) 
the equation (9) can be written as 

, (1 - i3)py 

iN -qh/v' 

Solved for v we get 

(12.30) i; = thus = q/iN, 

which gives (29). 

6. The Legendre condition. We have again, as in the Lucas theory, 

(12.31) = 

Obviously = 0 and = 0, since c and thus p does not depend on A, 
and q does not depend on K. But, in view of (5) and (16) we have: 

(12.32) q = {v--uv)^N/h. 

Here uv according to (17) is equal to ip/kN and does not depend on h. Thus 
we get, by applying (30): 

(k) 

This expression however, in view of (5) and (16), is equal to zero. Thus 
1 = 0 and the quadratic form in the Legendre condition is determined by 
the same 4x4 matrix as in the Lucas theory. Hence this condition is satisfied 
in the generalized dynamics as well. 

7. Transversality conditions. It follows from (6), (12) and (17) that 
we have now, as a deviation from the Lucas theory, 




dtY = (!-/?) 
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while the derivatives Yk and Yh are the same as in the Lucas case. It will be 
shown in the next Part that there will be either tp/ip = 0 or then tp/tp 0 
with t — > oo. Thus the transversality conditions of the generalized dynamics 
will assume the form 



(12.33) 

(12.34) 



lim 

t—*oo 




lim 

t— ►oo 




• m(l -/?) 1 

/? J 

~ m(l -^) 1 

.1 “ /? ■+• 



lim Kj 
<—►00 



lim h, 

<—►00 



It can be seen from these expressions that the generalized dynamics in- 
deed differs very much from the Lucas or Solow theories, which in this respect 
were close to each other. The ultimate reason for this great difference is the 
appearance of nonmaterial values in the generalized dynamics. Such values 
are implied by the introduction of the leisure term into the current-time 
utility. This affects the character of economic theory in an essential way, 
as we shall see in Chapters VI and VII of this study. It also improves the 
way in which the transversality conditions are satisfied: in the generalized 
dynamics they will be fulfilled in their above original form. 

Note. (The Mutual Interference of Material and Nonmaterial Values as 
the Cause of the Business Cycles.) We have seen that the introduction to 
the current- time utility of the leisure term ^(1 — v)Nj standing for individual 
freedom and thus for nonmaterial values in general (as assumed), produced 
the second-order differential equation (12.22) or, equivalently,the two mu- 
tually coupled first-order differential equations (12.27). Such equations did 
not appear in the Lucas growth theory and they disappear, if we eliminate 
the leisure term in utility by putting ^ = 0. Thus the mentioned differential 
equations are produced by the mutual interaction of the material and the 
nonmaterial parts of utility, the former being of course represented by the 
consumption term in the value function J. It will be seen in the next chapter 
that these differential equations define what we shall call the Basic Business 
Cycles. Thus these cycles are produced by the continuous mutual interfer- 
ence between material and non-material values, just like the electromagnetic 
waves are produced by the continuous mutual interference of electricity and 
magnetism. Thus, according to the present theory, the economic boom and 
recession have the same reason, not different ones. 
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THE FUNDAMENTAL DYNAMICS OF ECONOMIC 
GROWTH AND THE BUSINESS CYCLES 



13. The Basic Growth Paths 



1. The balanced-growth path: Growth Type 1. Following the 
algorithm it is easily verified that a special solution of the equations of motion 
(12.3),(12.5)-(12.12), and of the relations (12.14H12.15) and (12.23)-(12.25) 
associated with them, can be written as follows: 



(13.1) 


1 


> 


S = 


s* = Constant > 0, 


thus in = 6, 




(13.2) 


a 


> 


0 i 


.e. O’ > 1, b = b* = 


= Constant > 0, 


V> = Constant 


(13.3) 


a 


= 


: 


= (/? — s*)6* = Constant > 0 z.e. 


</3, 


(13.4) 


xjj 


z= 


a*. 


^ = ^JP + m-a 


-eo>o, 




(13.5) 


Y 


= 




= K = K* : 


= K;e^*, h = h* 


= ft:*"', 


(13.6) 


A 


= 




■ -(i^) 


(A + m), 




(13.7) 


V 


zz 


V* = 




= (a* + u)/koNo 


< 1, 


(13.8) 


1 


> 


u = 


= a* /{oc* + u) = 


Constant > 0, 




(13.9) 


P 


= 


p* = 


: P’JP - 






(13.10) 


q 




q^ = 


. -a’ - p)t 







After the choices (1) and (2) the choices (3)-(10) are uniquely determined. 

Again the Euler equation for the ’’price” p gives the important parametric 
relation 

(13.11) p + a{X-^n) = /3b\ 

met already in both the Solow and Lucas growth theories. Solved for a or 
for b* this gives, in view of (6), 



(13.12) 



_ pb* - p _ n - pja 

s*h*-n ~ s*-l3la 



respectively. 

The natural boundary conditions (12.28)-(12.29) are satisfied because of 
(9) and (10). It follows from (5) and from (12.1) that 

c = c* = (1 — 5*)(Y^* /No)e^^ oo with t > oo, 
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provided that 

(13.13) A > n. 

Coming to the transversality conditions (12.33)-(12.34) we see at once 
that the right-hand sides go on the balanced-growth path to negative infinity 



with t — . oo. 


Consider then the left-hand sides 


(13.14) 


-Glt~^*p* = -G7p* and 


(13.15) 


-G/e-'^g* = -G*!q\ 


where 


G* = iVV + ^(1 - v)N + p*k* + q*K 



We shall study the behaviour of each term when t ► oo in detail. There 
is now, because of (2), cr > 1, in which case the function V{c) approaches 
asymptotically a positive constant. The absolute values of the two first terms 
in (14) go to infinity with t — ► oo as follows: 

NV/p* ~ et” + ^(1 - v)N/p* ~ 

the first term because of (9) and (13), the second one because of (3), (4), 
(7), (9) and (11). The absolute values of the third and fourth terms go to 
infinity in a similar way as shown by the formulae 

A ~ e , q n /p ~ e , 

the former one because of (5) and the latter one because of (5), (9) and (9)- 
(11). Thus also the left-hand side of the transversality condition (12.33) goes 
to negative infinity with f oo, which that this condition is satisfied in its 
original form discussed in Chapter IV. 

Consider then the left-hand side (15) of the transversality condition on 
human capital. The absolute value NV/q* of the first term behaves asymp- 
totically as shown by 



NV/q* ~ + ^ + n- 

because of (10). For p < oc* + u n this goes to infinity, otherwise it 
approaches asymptotically a constant, possibly zero. Its behaviour is not 
important for the validity of transversalitu conditions. This is because the 
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absolute values of the other terms in (15) always rise to infinity, as shown 
by 

the first of them because of (4), (7) and (10), the second one because of (5), (9) 
and ( 10 ), and the third one because of ( 5 ). 

It follows that also the second transversality condition (12.34) is fulfilled 
on this path of the generalized dynamics. Both transversality conditions are 
now satisfied in their original forms studied in Chapter IV. 

Let it be remarked that also the formulae 

e-P^p*I<* 0 , e~P^q*h* 0 

are valid in the generalized dynamics too, the first one because of (3)-(5) 
and (9), the second one because of the above formula (4) and the formulae 
(12.6) and (12.16). This time, however, these formulae do not guarantee the 
validity of the transversality conditions. 

2. The path of logistically rising productivity of capital: Growth 
Type 2 . Again we follow the algorithm by choosing first: 

(13.16) 1 > s = s’** = Constant > 0, thus u; = 6 , 

(13.17) a > 0 i.e. cr > 1, 6 ^ Constant, xp 9 *^ Constant. 

From (12.27) we see that the parameter b has now to obey the equation 

6/6 = (/? ~ s ’*‘)6 — a. 

In view of (12.24) this is equivalent to 

6/6 = (n — cr/p) — [s* — I3fcr)b. 

Here we can express n — pja in terms of the solution 6 * the Growth Type 1, 
obeying the equation ( 12 ) above, to get: 

(13.18) 6/6 = (s"^/?/(t)( 6 ^- 6 ). 

This is solved by 



6 * 

l + 5e“T<’ 



where 7 = n — p/ir, 



B = 



b* - 6 ( 0 ) 

6 ( 0 ) 



(13.19) 6 = 




THE BASIC GROWTH PATHS 



65 



This is a logistic function with two branches. For 7 < 0 it would give a 
downward curve approaching asymptotically zero, which predicts an eco- 
nomic catastrophe but is not an interesting solution from the point of view 
of growth theory. The other option 7 > 0 is more interesting and gives 
the branch of the logistic function rising asymptotically toward the Growth 
Type 1 solution 6 *. Choosing this solution we thus have in Growth Type 2, 
in addition to the 6 -equations (18) and (19), also the conditions 

(13.20) 6 > 0, 7 > 0 i.e. - j0/a > 0. 

The last condition of course is in view of (12) equivalent to the second one, 
since b* is positive. 

Next consider the parameter a. By applying (12.23) and (12.24), and 
for 7 again ( 12 ), we obtain 

(13.21) « = (/?- /?/<r )6 - 7 = a* - (/? - /?/<t)(6* - 6 ), 

which expresses the relation between the Growth Type 2 parameter a and 
the corresponding Growth Type 1 parameter a*. 

For the auxiliary xp we now get, with the help of (12. 14), (12. 15) and 
(12.25), the differential equation 

(13.22) = xp-a. 

This is solved, in view of (18) and (21), by 

(13.23) ^ = (/?-s*)6>0Vf. 

This gives, in view of (12.14): 

(13.24) ^ = ^o>0. 

Thus we have settled the two first steps in the general solution algorithm. 
For the next steps we first get from (12.20), by applying s = 0, (12.25) and 
the above formulae ( 21 ) and ( 6 ) in this order, 

(13.25) y t/yt = A - (/?/a)(6* - 6), 

where A is the growth rate of output in Growth Type 1 . This gives 



(13.26) y^ = y> 



and = V^/b 
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which settles the third and fourth steps of the algorithm. 

To do the fifth step we first calculate, with the help of the ex post pro- 
duction function (12.12) and the above formulae (18), (21), (23) and (25), 

(13.27) ^ = ‘'+( i_g + 

where ly is the growth rate of human capital in Growth Type 1. This gives: 

(13.28) = hi exp \ut + 6dtj | . 

To get the sixth step done we can write, by inserting (12.17) into (12.5) 
and solving for the share d, the generally valid equation 



It can of course be developed further by inserting h/h from (27) and rp from 
(23), but this is left to the reader, as they say. The other share parameter u 
is then in view of (12.17) given by the generally valid equation 



(13.30) 



u = 



hfh 



It remains to study the Euler equations (12.10) and (12.11). They give: 

(13.31) = P - q^/q^ = p — tp — kyh^. 

Here b is to be taken from (19), 'ip from (23) and from (27), after which 
the function g^(^) can be calculated in a way similar to the calculations of 
in (26) and in (28). 

After the choices (16), (17) and (20) have been made, the above Growth 
Type 2 solution for the basic growth path is uniquely determined. 

The natural boundary conditions (12.28) and (12.29) are satisfied with- 
out further conditions, since it follows from (31) that and both 

approach asymptotically zero. The Legendre condition was proved to hold 
good generally in the generalized dynamics (see Chapter V). 

Since it has been already proved that the transversality conditions (12.33) 
and (12.34) are satisfied on the balanced-growth path, i.e. in Growth Type 
1 of the generalized dynamics, the case of Growth Type 2 is trivial. This is 
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because the basic growth path of Growth Type 2, studied in this para- 
graph, asymptotically approaches that of Growth Type 1, as is evident 
from (19), (21), (23),(24),(25),(27),(29),(30) and (31). Thus we have already 
proved the validity of the transversality conditions also in the case of the 
basic growth path of Growth Type 2. 

The remark at the end of paragraph 1 can be repeated here: the functions 
e^P^pK and vanish asymptotically also on the basic growth path of 

Growth Type 2, but this does not guarantee the validity of the transversality 
conditions, which are now valid in their original form derived in Chapter IV. 

3. Verification by the Solow (1957) material. At the very begin- 
ning of the modern era of growth theory, in Solow ’s seminal works in the 
1950s already, an empirical material was published which leaves no doubt 
about the existence of the two Growth Types just described. This material 
in Solow’s 1957 paper was then, of course, published to serve another pur- 
pose, viz. that of supporting Solow’s representation of technological progress 
by the exponential function A[t) in the production function (10.11). 

Finding statistical materials useful for the verification of a theory was 
then, and still is, a demanding task if only because economic statistics nor- 
mally has been collected mainly for variable practical uses and keeps rarely 
the same standards and units over any longer period. ”The capital time series 
is the one that will really drive a purist mad. For present purposes, ’capital’ 
includes land, mineral deposits, etc. Naturally I have used Goldsmith’s es- 
timates (with government, agricultural, and consumer durables eliminated). 
Ideally what one would like to measure is the annual flow of capital services. 
Instead one must be content with a less utopian estimate of the stock of 
capital goods in existence... Lacking any reliable year-to-year measure of 
the utilization of capital I have simply reduced the Goldsmith figures by the 
fraction of the labor force unemployed in each year, thus assuming that labor 
and capital always suffer unemployment to the same percentage.” (Solow, 
1957, p.314) 

The first and second columns of Table 1 were composed and published as 
the fifth and sixth column, respectively, in the corresponding Table of Solow 
(ibid., p.315). By dividing the numbers in the column of ’’Private nonfarm 
GNP per manhour” by the corresponding numbers in the column ’’Employed 
capital per manhour” (the titles used by Solow), one gets the third column 
of our Table 1. It gives estimates of the annual output/capital ratios Y/ K 
in the U.S. economy from 1909 to 1949, and their graphical illustration is 
given in Fig.l. 
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Table 1. - The Solow Data for Calculation of Output per Capital’" 



Year 


Priv. nonfarm 
GNP per 
manhour 
(1) 


Employed 
capital per 
manhour 
(2) 


Output 

per 

capital 

(3) 


Year 


Priv .nonfarm 
GNP per 
manhour 
(1) 


Employed 
capital per 
manhour 
(2) 


Output 

per 

capital 

(3) 


1909 


.623 


2.06 


.302 


1930 


.880 


3.06 


.288 


1910 


.616 


2.10 


.293 


1931 


.904 


3.33 


.271 


1911 


.647 


2.17 


.298 


1932 


.897 


3.28 


.273 


1912 


.652 


2.21 


.295 


1933 


.869 


3.10 


.280 


1913 


.680 


2.23 


.305 


1934 


.921 


3.00 


.307 


1914 


.682 


2.20 


.310 


1935 


.943 


2.87 


.329 


1915 


.669 


2.26 


.296 


1936 


.982 


2.72 


.361 


1916 


.700 


2.34 


.299 


1937 


.971 


2.71 


.358 


1917 


.679 


2.21 


.307 


1938 


1.000 


2.78 


.360 


1918 


.729 


2.22 


.328 


1939 


1.034 


2.66 


.389 


1919 


.767 


2.47 


.311 


1940 


1.082 


2.63 


.411 


1920 


.721 


2.58 


.279 


1941 


1.122 


2.58 


.435 


1921 


.770 


2.55 


.302 


1942 


1.136 


2.64 


.430 


1922 


.788 


2.49 


.316 


1943 


1.180 


2.62 


.450 


1923 


.809 


2.61 


.310 


1944 


1.265 


2.63 


.481 


1924 


.836 


2.74 


.305 


1945 


1.296 


2.66 


.487 


1925 


.872 


2.81 


.310 


1946 


1.215 


2.50 


.486 


1926 


.869 


2.87 


.303 


1947 


1.194 


2.50 


.478 


1927 


.871 


2.93 


.297 


1948 


1.221 


2.55 


.479 


1928 


.874 


3.02 


.289 


1949 


1.275 


2.70 


.472 


1929 


.895 


3.06 


.292 











Numbers in columns (1) and (2) are given in 1939 dollars. 



The business cycles in employment are seen as the oscillations of the 
variable Y/K in the picture. What is interesting for the present purpose, 
however, is the behaviour of the level of Y jK^ which is to be compared 
with the theoretical level as represented by the variable h in the generalized 
dynamics. The numbers and the picture suggest that there was indeed a 
clear-cut balanced-growth path, i.e. a constant 6 = 6* from 1909 until the 
Great Depression of 1929-33. But after that there was an equally clear-cut 
rise of the logistic type in the level of the output/capital ratio that lasted 
some twenty years, approaching again a constant but higher value toward 
the 1950s. 

Thus the qualitative behaviour of the U.S. economy in the period 1909- 
30 in terms of the present theory corresponds to Growth Type 1, while 
the period 1930-50 was that of Growth Type 2, with its logistic rise of the 
level of the output/capital ratio. The lines drawn in Fig.l approximately 
represent the constancy of 6 prevailing before the Great Depression and the 
approximately logistic rise during 1930-50, respectively. 

The appearance in the above statistics of the two different kinds of 
Growth Types predicted by the present unified theory of growth and busi- 
ness cycles is an important fact in favour of this theory: The Solow growth 




THE BASIC BUSINESS CYCLES 



69 



w 




Figure 1. - Growth Types 1 and 2 Verified by Solow Data 



model and the Lucas 1988 growth mechanics are both of them of the Growth 
Type 1, with a balanced- growth path as the basic growth path. 

If the data support the existence of the both Growth Types 1 and 2 so 
clearly, as it seems to the present author, the question may arise: Why this 
evidence has been ignored ever since 1957 when they were first published? 
The answer, to draw from the experience in physics, is simply that the data 
have been ignored since no theory has been there to explain them. Even 
scientists are prone to look elsewhere, if they encounter phenomena that are 
not explicable by the wisdom of the day. 

14. The Basic Business Cycles 

1. The state-plane and the cycle center. The equations (12.27), 
where w obeys (12.26), are equivalent with the equations (12,22) and thus 
start the general solution algorithm of generalized dynanmics given in Sec- 
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tion 12. Obviously we can accept only the values of s and w such that 



(14.1) 



s{t) < 1, w(t) > 0 Vi. 



Under these conditions (12.27) gives: 



(14.2) s{ 



> 0 
= 0 
< 0 



for s < 1 and w > b, 
for s = 1 or It; = 6, 
for s < 1 and w < b. 



r >0 




foru;> 
foru; = ^, 
for w < 



This tells that the state (sj) revolves clockwise around the cycle center 
P z= (s*,6) on the plane For the Growth Type 1, in which case 

P is a fixed point, the situation is schematically illustrated in Fig. 2, The 
boundaries Fi and F 2 of the state space, 



Fi = {{s,w); 5 = l,u; > 0} , F 2 = {(5,u;); 5 < l,u; = 0} , 



are also indicated. 



2. The decreasing relative size of the cycles. It follows from the 
negative Bendixson criterion that the oscillations of the state (s^t) obeying 
(12.27) do not approach any limit cycle asymptotically. As the equations 
(12.27) cannot be solved, they cannot tell more about the asymptotic be- 
haviour of the the state (s^w). But since the Growth Type 2 approaches 
asymptotically the Growth Type 1 the linearized equations (12.27), 

(14.3) s = [(1 - - ^*). w = -ib*f{s-s*) + a’^(w-b*), 



valid in a neighbourhood of the fixed cycle center P, can help us one step 
further in this question. The solution of (3) can be written as 



(14.4) s — s* = ^cosLot — ^sino;f^ [^(0) 

t/2 sina;f [u^(0) — 6*], 



+ 






(14.5) w-b* = -e 



K) 2 



L(1 - S*)LJi 
-f ^cosa;f + ^sina;f^ ['^(0) 



sina;f [s(0) — s*] 



We can see that the cycles expand and that the size of the parameter a* 
determines how much. The smaller is a* the less they expand, and in the 
limit a’*' = 0 we get closed cycles and stability in the Liapunov sense. This 
value of a is however denied because of the conditions s* < (3 and 6* > 0 
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s-f f«i* i»p 1«1 



Figure 2. — Schematic Illustration of the Velocity Field of the 

State (5, if;). 

valid in generalized dynamics. For a small a we can speak of an approximate 
Liapunov stability. 

What is important from the point of view of economics, however, is 
not the behaviour of the cycles as separated from the rest of the economic 
dynamics. The relevant thing is the expansion of the cycles in proportion to 
the expansion of economy. The development of this proportion is indicated 
by the coefficient 

(14.6) A{t) ~ 

where the nominator indicates the growth of the cycles and the denominator 
that of the output of economy. This gives 

^(<) ~ e(^ “ ds*){b*/2)t Q ^ ^ 

when t — ^ 00 . The condition is satisfied in all advanced economies. 
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Thus the relative significance and size of the cycles in proportion to the 
growth of economy decreases indicating an increasing relative stability of the 
economic system. It follows that for instance the needs of monetary theory 
are satisfied. 



3. The existence of well-behaving general solutions. So far only 
the existence of the two special solutions that defined the basic growth paths 
in the respective Growth Types 1 and 2 has been proved, by means of a de- 
tained construction. Now we have to see to it that the general solution 
algorithm given in Section 12 leads to well-behaving general solutions, i.e 
solutions of the fundamental equations that retain their properties as mean- 
ingful economic variables also over the cycles. (The reader may have ex- 
pected this at an earlier stage, however, we could not give it before studying 
the expansion of the cycles in paragraph 2 above.) 

The first of these properties concerned the limits of the savings rate s 
and the output-capital ratio w imposed on them by the formula (1). Next we 
have to check that the second step of the algorithm gives an output variable 
that retains its positivity through all the cycles, i.e. that (cf. (12.19)) 



(14.7) 



Y{t) = 



• (l-W) ]T~^r N{t) 

. J Ll-s(<) 




\/t. 



Here the positivity of k is ascertained by (12.6), that of ^ by (13.4) and 
(13.24), that of by (13.23), that of N by (12.1) and that of 1 — s by the 
above formula (1). The positivity of the physical capital A", 



(14.8) 



K{t) = Y{t)/w{t) > 0 Vt, 



is guaranteed over all the cycles by the formulae (1) and (7). 

The positivity of the human capital /i, as defined by (12.12) and (12.17) 
in the fourth step of the algorithm, i.e. 



(14.9) 



h{t) = 



1 -/? 

(k{t)Y-a^K 

\m) 



y{i) 

AK{t)l^ 



1-i + K 



> 0 Vi, 



is confirmed through the cycles by the positivity of y, K and A/', if the share 
variables u and v are well-defined i.e. with values between 0 and 1. 

We shall first prove that the values of u as given by the general algorithm, 
obey 



(14.10) 



0 < u{t) = 



V’(0 

+ h{i)/h(t) 



< 1 
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over the cycles. Since ^ is a positive function without cycles, the values of 
u are between 0 and 1, provided that h/h > 0 always holds good, i.e. that 
human capital grows all the time even over the cycles. From (9), in view of 
(12.6) and (13.23), we get first: 

(1 - /? + = (1 - f3){m - b/b) + {Y/Y - 13k /K). 

In view of (12.20) and (12.25)-(12.27) we have here 

Y/Y + I3k/K = /?(! - s)w - a, 

and, since b/b can be written as {13 — s*)6 — a, we get: 

(14.11) {i^f3+^)h/h = (l-/?)[m~(/?~s^)6 + a)] 

—a + f3{l — s)w > 0 Vt 



on the condition that 

(14.12) (1 - (3)m > Max[(l - /?)(/? - s*)b + j3a] = a*. 



The positivity of u guarantees in view of (12.17) also the positivity of 
the other share parameter v. It remains to show that the values of v too, as 
given by the general algorithm, are also smaller than one, i.e. that 



(14.13) 



v{i) = 



k{t)N{t) 



h{i) 



+ H*)\ 



< 1 VI. 



From (11) we get, in view of (13) and (13.23): 

^ = /n • 

The other terms within the braces are finite, while (1 — s)w has no upper 
limit. What we have to prove, accordingly, is that the function (1 — s)w/kN 
remains finite, after which a suitable choice of ko and Nq always keeps the 
values of v below one. 

The cycle equations (12.27) together with (12.23) and (13.21) give: 



(14.14) T"(^ “ (1 

at 






w 
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It follows that the relative maximums (1 — s)ti) of the function (1 — during 
the cycles are on the curve 



(14.15) 



w = 



n — pja 
s - ^/cr* 



The fixed cycle center (s’*', b*) of course is on this curve. For s’** > /?/<r, which 
in view of (13.20) is valid in generalized dynamics, the curve runs entirely 
between the straight lines s = j3 fa and s = 1, It follows that the values 
1 — s are smaller or equal to I — /3 fa and thus finite. The value w approaches 
infinity when s approaches the value /3/a, We accordingly have to study the 
behaviour of the function (1 — s)w when s approaches that value. 

Let the points of intersection of the cycle trajectories on the (s, tt;)-plane 
with the straight line s = /3 fa he denoted by (s,in). Since these points, 
because of the diverging nature of the cycle, rise along the curve (15), which 
approaches asymptotically the straight line s = /3 fa along which the relative 
maximum points (s,t&) rise, we have (Fig. 3) 



(14.16) lim w = lim w. 

^ ' t-^oo t-^oo 

But at the points ( 5 , u7), which are on the straight line s ■= j3/a^ (14) gives 

d o d 

(14.17) — log[(l — s)w = n — — <n + m = — \og(kN). 

at a dt 

It follows from (16) and (17) that the function kN grows faster than the 
relative maximums (1 — s)w of the function (1 — s)w^ and we have the result: 

(1 — s)w ^ , 

0 with t 00 . 

kN 

From this and from the finiteness of (1 — s)w for finite times it follows 
that also this cycle term in the function v keeps finite for all points of time. 
By a suitable chose of ko and No we can then always guarantee the validity 
of (13). 

This completes the proof that the cycles do not destroy the properties of 
the dynamical variables of generalized dynamics as well-behaving economic 
variables. This is because the positivity, over the cycles, of the ’’imputed 
prices” p and q is immediately clear from the equations (12.18) and (12.16), 
respectively, in which all the variables have only positive values. 
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w 




Figure 3. - The Relative Maximums of the Function (1 - s ) w . 

4. The invariance group and the time scale. As soon as continu- 
ous growth models are tried to be applied to problems involving finite time 
intervals, problems appear because the periods of production are themselves 
indicated by points of zero extension in such models. The solution of this 
problem, inherent in all economic theories with continuous time, seems to 
imply the existence of what in physics is called an invariance group involving 
time. This however presupposes that the fundamental equations of the the- 
ory are invariant with respect to the transformations of such a group. The 
condition is fulfilled in the case of the Basic Business Cycles defined by the 
equations (12.27), i.e. 

(14.18) s = (/? — /3/cr)(l — s)(w — fc), w/ w = [(3 — s)w — a. 

An invariance group is a commonplace in theoretical physics but has to 
my knowledge not appeared in economic theory so far. Since its significance 
is essential for the understanding of the theory of Basic Business Cycles 
(BBC), it will be here studied in detail. It is easy to see that the equations 
(18) are invariant with respect to the transformations 

(14.19) s s' = s, w w' = gw^ t =: t/g^ g > 0 
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of the ( 5 , ti;,f)"Space. These transformations can be interpreted as changes 
of the time scale. 

For instance, in a transformation with g > 1 the real number f , represent- 
ing in the theory of the BBC a certain interval of time, obviously becomes 
smaller. This is equivalent to the introduction of a larger time unit [TU] 
in this theory. It follows that the output F', obtained during the new and 
larger time unit [TU] from a given capital K tied up to production, and 
thus the new output/capital ratio Y'fK are both of them larger than those 
obtained from this capital during the old and shorter time unit [TU], in the 
way expressed by the formulae 

(14.20) Y' = gY > F, u;' = Y'/K = gw > w = Y/K, 
respectively. 

The parameter 6 is an output/capital variable and accordingly transforms 
like w. But so does also the paramneter a, since it in view of (13.12) (the 
second equation in this formula) and (13.21) can be expressed as 

(14.21) a = (/? - p/a)b - (s" ~ f3/a)b\ 

Note that the parameter (7, in view of (13.12) (the first equation of this 
formula), is invariant since in this transformation of time scale we of course 
have p gp and n gn. The parameters (3 and s are share variables and 
accordingly invariant. 

It follows that the variables in the differential equations (18) transform 
as follows: 

(14.22) s — > gs^ w — ► g w^ b gb^ a ga. 

This leaves the form of the equations (18) invariant. 

Prom the existence of an invariance group involving a transformation 
of time scale it follows that there is a new degree of freedom to cope with 
problems of time in the theory in question. We can choose freely the real 
time interval equivalent to the theoretical time unit [TU]. If the real time in 
years is indicated by r, the scale constant go determined by the equation 

(14.23) T{t)/go = T(r) [years] 

must then be used in calculations to be compared with empirical data in- 
volving a finit time interval T(r). 

For instance if, in an application to business cycles, the observed length 
of period of a cycle is four years, and the length of period obtained from the 
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theory is T(t) = lir where a; is the angular velocity of the cycle as seen 
from the cycle center, we have to compute go from the equation go = 'k jlu). 
This scale constant must then be used consequently in the application of the 
theoretical business cycles to that case. 



5. The detrended cycle functions. The theory of the Basic Business 
Cycles will be verified in Chapter VII by comparing the correlations and 
variances of some of the most important real economic variables over de- 
trended cycles, calculated from the theory, with the corresponding empirical 
correlations and variances. For this purpose we need the cycle functions Qx) 
detrended over the trend [X/X)p^ of those variables X, and thus defined 
by: 



(14.24) 









+ Qx{s,w). 
p 



Here {X /X)p is the growth rate of the variable X on the basic growth path 
through the cycle center P, It may thus represent either the growth rate on 
the balanced-growth path (in the ordinary business cycles) or on the path of 
a logistically rising output/capital ratio (in the anomalous business cycyles), 
depending on the Growth Type. 

For the fundamental growth variables Y (output), K (physical capital), h 
(human capital), p (imputed future price of physical capital) and q (imputed 
future price of human capital) the cycle functions are obtained by direct cal- 
culation from the defining equations of these variables in the general solution 
algorithm (Section 12) by using the differential equations (12.27) of the Basic 
Business Cycles (with the parameters defined by (12.23)-(12.25)), the Euler 
equations (12.10)-(12.11), and the defining equations (12.16)-(12.18) of the 
non-cyclical variables. 

In this way we get successively, after some calculation: 



(14.25) Qy = — t), Qk = sw — s’*'6, 

(14.26) Qh = (y— [(l-s)u;-(l-s*)6], 

(14.27) Qp = -Qy, Qg = -Qh- 

Derived variables that play important roles in empirical comparisons are 
the total consumption C = (1 — s)y , the total (net) investment I = sV , the 
employment or the labour input to production E = huvN = h\j>/k and the 
productivity of labour W = Y/E. Their cycle functions are readily obtained 
from the above cycle functions and from the differential equations of the 
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Basic Business Cycles: 



(14.28) Qc = 

(14.29) Qi = 

(14.30) Qe = 



13 






{w - b), 






Q/i, 



there being opf course Qw = Qy — Qe- It follows from (26) and (13.29) 
that the cycle function of the total working time vN is: 



QvN = ^Qh = \Qe- 



(14.31) 

Hints for the derivation of the cycle functions. We get from (12.20): 



(14.32) 



y _ ( cr \ ^ an + m — / cr \ s 

Y \cr— 1/ \ a )^\a—l) 1 — s 



Here we can apply the first equation (12.27), to get 

(*^• 33 ) (7^)137 = 

while (12. 25), (13. 12) and (13.21) give 



(14.34) 






Together these equations prove, in view of (24), that indeed the formula 
Qy = /3(w — b) is true. 

By using C = (1 — s)Y and I = sY we have 



(14.35) 



C _ ^ s Y I _ s Y 

C Y’ 1 ~ I'^Y’ 



which because of the first cycle equation (12.27) justify (28) and (29). 

To get the cycle function of the human capital h we start, in accordance 
with the general algorithm, with (12.12). Hence we get the cycle functions 
of the labour input to production E = and the real wages (1 — (3)EfY 

(or the productivity of labour E/Y). 
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6. The minimums and maximums of the cycle functions. By 
using (14), (15), (25), (27), (28), (30) and (31) we can easily see that 
w = Qy = Qc = 0 along the curve w = oc/{l3 — s), 

Qe = 0 along the curve u; = (n — plar)l{s — /?/cr), and 
Q^r = 0 along the curve 

u; = 6*[/? - s* + (yz^) (s* - /?/o-)]/[^ - s* + (ir^) (« ~ 

These functions w have at the point P\ = (s’^,6’*‘) the derivatives 

{dw/dsf'^'> = (dw/ds)^^^ = (dw/ds)^^'> = {dw/ds)^^'> = 

^-s*+ (l^) (s* - W 

For the parameter values s* = .13, 6* = .3, /? = .25, a = 2.2917, k = 
.417, to be used in Chapter 15, the maximums of w^Qy ,Qc )Q e 3-nd Qw 
are, during small enough cycles, accordingly seen from the point Pi in the 
directions defined by the angles 

0^ =z 0y 9c = arctan(du;/ds)(^) = 68.2°, 

0^ — arctan(di«;/ds)(^) = 94.0°, 9\v = arctan[(du;/ds)(^^ = 75.5° 

(between the respective maximum direction and the s-axis: see Fig. 2 on 

p.71). 

But the motions of the cycles are clockwise (cf. Fig. 2). Thus, if time 
f = 0 is taken to be the point where s reaches its maximum (while u; = 6*), 
the variables have to cover the angles fi = 180° —9 to reach their minimums, 
and the angles Q' = 360° — 9 to reach their maximums (cf. Fig. 2). These 
angles are: 

= f2y zz Clc ^ 111.8°, CIe = 86.0°, Clw = 104.5°, 

= n'y = = 291.8'°, n^E = 266.0°, = 284.5°. 

The total working time vN defined by (13.29) has in view of (24) and (26) 
the cycle function Qy^ = {^/f^)Qhi so that Qvn/QvN = QhlQh “ Hence 
it is easily seen that the minimums and maximums of total working time 
precede those of all the other variables. The booms and recessions of different 
variables thus start in the following orderil) working time in planning (vN 
without E)y 2) labour working in production (£*), 3) the productivity of 
this labour (PV*), 4) output (T), consumption (C) and the productivity of 
(physical) capital (u;). Investment I is the odd one out: its upswing starts 
later than that of any other variable, while its recession starts earlier than 
that of output. How much earlier — it is impossible to say without the 
solution of the differential equations of the cycles. 
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THE BASIC BUSINESS CYCLES AS THE 
CAUSAL PART OF THE BUSINESS CYCLES 



15. The Predictive Power of the Basic Cycles Compared With 
That of the Stochastic Models: Ordinary Business Cycles 



1. The linear approximation of the Basic Business Cycles. The 
linear approximation (14.4)-(14.5) of the Basic Business Cycles, valid in a 
neighbourhood of the balanced-growth point P = (s*,b*), can be written in 
the form {Note: we have now Growth Type 1, thus b = b*) 

(15.1) s-s* =” C = Q -f- [s(0) - s*], 

(15.2) u;- 6* =" + D= [«(0) ~ s*]. 

Here u = a/2 + iu? and u = a/2 — fa;, 

and the state of the system at time 0 has been taken, for convenience, to be 
such that i«;(0) = 6’*'. 

Direct calculation gives the ’basis integrals’: 






a^ + 4a;^ t “ a^/8o;^ 
8aa;^ \ a^ + 4o;^ 



= J{s- s*){w - 6*) = Fsw{a, s*) ■ _ l) [s(0) - 



(15.5) 



2(1 - s*) 
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Iww 

(15.6) 



Ji'w- b*)^ = Fww{a,a,ijj,s*) • [s(Q) - s*]^, 

^ _ a^(a^ + 4o;^)^ ( \ a ^ 



All the integrals are over the cycle, i.e. from izuQ to i — T= 2 tt fuj. 

A linear approximation will be used also for the cycle functions (14.25) 
and (14. 28)-(14. 31), ii;Aere now b = 6*, by expressing each of them in terms 
of the powers of s — s* and w -- b* and accepting only the linear terms: 



Q^X = Lx{s ~ u; - 6^) = Ax(s - s^) + Bx{w - 6^) 



for the Growth Type 1 cycle function of each variable X . Here 



(15.7) Ay = 0, By = /?, Ac = 0, Be - /?/cr, 

(15.8) 4, = 0, B, = =-(TrjT^)'-- 

(15.9) Be =( ^ - Bw = By-Be- 

The mean values, variances, covariances and correlations of our variables 
over the detrended cycle are defined by the formulae 



E(s - s*) = —Is = ms, E{w - 6*) = —Iw = mw, 

E{Q*x) Lx{ms, mw) = mx, 

E[Qx - mx)]^ L\dt-m\ = (r\, 

E[Qx-mx)][QY-mY)] = ^ LxLYdt-mxmY = cov{Q*x,Q*y), 
rxY = cov{Q*x,Qy)/(^X<^Y- 



The relevant functions in comparisons with data and with other models 
are the ax Icty ctnd the correlations rxY • The following formulae are suitable 
for calculations: 

Lin + B\IwW + 2AxBxIsVi^ — 

{jjJ 121^)3^ ^ww ~ 

Lj^ (u^/27t) [AxBy Isw "I~ BxByIww\ ~ mxmy 






(15.11) rxy 



arxO-Y 
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The shortcut formulae obtained for mx = rny = 0, i.e. 



(15.13) rxY ^ 



m 

Yix 

\By 



Fss , { 2 Ax Bx \ Ft 



sw 



ww 



ww 



\ Fsw , Bx] f , ^ 



Bx 

By 



2 



with the coefficients A and B from (7)-(9) and the F-functions from (4)- 
(6), do fairly well. A busy reader can use (12)-(13) to check roughly the 
numerical calculations. Let it be mentioned that the unknown initial state 
s(0) — s* cancels out in the formulae (10)-(13). 



2. Comparisons with empirical correlations and variances. The 
prediction formulae, both the (lO)-(ll) and (12)-(13), include ten parame- 
ters. Only six of them are independent of each other. They will be chosen to 
be the parameters /?, /c, /?, n, 6* and s’**, mainly because they can be given real- 
istic numerical values in advance, obtained either from empirical experience 
or earlier theoretical usage. Thus the estimates 

/?=.25, AC = .417, p = 2%, n = 1.5%, 6* = .3 

are chosen, since these values of /?, n and 6* are either identical or very 
close to the Denison (1961) estimates (as reported by Lucas, 1988) based on 
the averages in the U.S. economy in the period 1909-57, while the number 
representing ac is exactly the one used by Lucas (ibid.), who also accepted 
the above value of p to be a realistic one. As to the numerical value of the 
balanced-growth net savings rate s*, several possibilities are left open. The 
Denison value .1 is too small for the present comparisons, since the latter 
concern a period after the second world war, when the level of the savings 
rate has risen (cf. Mankiw et al.,1990, but note that their numbers are those 
of the gross savings rate). Thus three numerical values of s* will be here 
experimented with, viz, .13, .15 and .17. 

The remaining four parameters are determined by the above six, a and 
u) as indicated in (3), where the parameter a was given as a function of /? 
and a. It remains to give the dependence of the risk aversion coefficient cr 
on the independent parameters: 



so — n 



(15.14) 



a = 
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This dependence is a consequence of the balanced-growth Euler equation 
p -f (j(A — n) = pb* and the balanced-growth equation of the growth of 
physical capital, A = . Thus it is valid in the Lucas (1988) model as well 

and even in his modification of the Solow model (Lucas, ibid.). 

Table 2 gives the numerical predictions of the Basic Business Cycles 
(BBC) as far as the correlations (with output) and the variances of con- 
sumption (C), investment (I), employment (E) and the real wage level (W) 
are concerned. These predictions have been calculated from (lO)-(ll). To 
facilitate the reader’s checking of the calculations, the numerical values of 

Table 2. — The Numerical Calculation of Correlations 
AND Standard Deviations^ 



s* = .13 


a = .036 


u = .1035 


<7 = 2.2917 


a = 7.0968 


Fss = 15.5204 


Fsw = 4.0786 


Fww ~ 10.1061 


my = .0666 


Iss = 122.5726 


Isw = 32.2108 


Iww “ 80.5236 


me = ..0291 


mi — .3178 


mE = .0428 


m\y = .0238 


Ac = Q 


Ai = 0 


Ae = —.0643 


Aw = .0643 


Be = .1091 


Bi = 1.1930 


Be = .1864 


Bw = .0636 


O 

o 

rH 

II 


II 

o 

o 


vey = .9060 


rwY = .7654 


^ct^Y = .4364 


^ll^Y — 4.7720 


^eI^y = .7094 


aw! cry = .4668 


s* = .15 


a = .03 


ijj = .0920 


(7= 1.8333 


a = 8.8 


Fss = 18.3922 


Fsw — 5.1765 


Fww ~ 15.5290 


my = .0677 


Iss = 124.2441 


Isw ~ 34.9685 


Iww — 104.9027 


me = .0369 


m/ = .2419 


mE = .0435 


mw = .0242 


Ac = Q 


yl/ = 0 


Ae = -.0643 


Aw = .0643 


Be = .1364 


Bi = .6439 


Be = .1821 


Bw = .0679 


= 1-00 


r/y = 1.00 


rEy = .9205 


rwY = .7951 


ere {cry = .5455 


ailcry = 3.5758 


= .6982 


cTw ! ^Y — .4496 


s* = .17 


a = .024 


u; = .0794 


<7 = 1.5278 


a = 11.5789 


Fss = 22.6934 


Fsw — 6.9753 


Fww = 26.1567 


my = .0698 


Iss = 128.8443 


Isw = 39.6028 


Iww ~ 148.5073 


me = .0457 


m/ = .1876 


mE = .0449 


mw = .0249 


>lc = 0 


Ai = Q 


Ae = -.0643 


Aw = .0643 


Be = .1636 


Bi = .4217 


Be = .1778 


Bw = .0722 


rcy = 1.00 


O 

o 

rH 

II 


VEy = .9395 


rwY = .8124 


<^c/oY = .6545 


aijay — 2.6867 


^e!<^y = .6841 


(Tw I^Y = .4208 



^The initial state factor [^(O) -- s*] has been omitted in the mean values m, as well as 
its square in the I-integrcds. 
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the dependent parameters, of the mean values and the A- and fi-coefficients 
of the mentioned variables, as well as of the F- and /-functions, such as 
they have been obtained and used in my calculations, are mentioned for the 
purpose of comparison. 

Table 3 compares these predictions with the U.S. data and with the 
predictions of three models based on stochastic shocks, viz. that of Danthine 
and Donaldson (1990-1993), that of Hansen and Rogerson (1985), and that 
of Kydland and Prescott (their later, 1986 version). The success of each 
model is expressed by the sum of error squares in each case. This sum is for 
the versions of the Basic Business Cycles included in this table, viz. BBC 
s’** = .13 and BBC s* = .15, smaller than in the models based on stochastic 
shocks. The greater though not perfect success of the BBC is obvious both 
in the prediction of standard deviations and in that of correlations. 

Table 3. — Comparisons of the predictions of 

FIVE MODELS WITH U.S.DATA^ 

Standard deviations: 





The 


U.S. 


BBC 1 


BBC 2 


Danthine— 


Hansen— 


Kydiand- 




economy : 


s* = .13 : 


s* = .15 : 


Donaldson : 


Rogerson : 


Prescott : 


Y 




1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


C 




.73 


.44 


.55 


.19 


.29 


.25 


I 




4.89 


4.77 


3.58 


3.45 


3.24 


3.07 


E 




.94 


.71 


.70 


.72 


.77 


.68 


W 




.67 


.47 


.45 


.35 


.28 


.40 


EA 


2 . 




.1961 


1.8645 


2.5185 


3.1071 


3.6933 


Correlations with output: 




The 


U.S. 


BBC 1 


BBC 2 


Kydiand- 


Hansen— 


Danthine — 


X : 


economy : 


s* = .13 : 


s* = .15 : 


Prescott : 


Rogerson : 


Donaldson : 


C 




.85 


1.00 


1.00 


.85 


.87 


.69 


I 




.92 


1.00 


1.00 


.88 


.99 


.99 


E 


1 


.76 


.91 


.92 


.95 


.98 


.98 


W 




.42 


.77 


.80 


.86 


.87 


.91 


EA 


2 . 




.1739 


.1989 


.2313 


.2562 


.3190 



^The numbers other than those in the BBC columns are taken or computed from those 
given by Danthine and Donaldson (1993) who, for Hansen- Rogerson and Kydiand-Prescott 
models, quoted Prescott (1986). The last row indicates the sum of error squares for each 
model. 
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Figure 4. 

Figures 4 and 5, which illustrate the numbers shown in Table 3, confirm 
the impression given by the numbers and indeed addsomething to it: what 
makes the difference is that the BBC predictions follow the pattern of em- 
pirical correlations and standard deviations better than do the predictions 
derived from the stochastic models. 

Table 4 on page 52 shows a similar comparison of two BBC versions, viz. 
one with s* = .15 and one with s* = .17, with the original Kydland-Prescott 
model and with the data they used (Kydland and Prescott, 1982). Again the 
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Figure 5. 

nonstochastic BBC models are better in their predictions, even though they 
are not perfect either. 

Taken together Tables 3 and 4 show that the BBC version with = .15 
is the best when both comparisons are considered. The version with s’*' = .13 
takes best into account the peculiarities in the U.S. economy as displayed 
by the material in Table 3, while the version with s’** = .17 brings home the 
victory in the Table 4 game. 

Scarce though the material is in these comparisons, I have deliberately 
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Table 4. ~ Comparisons with the Kydland-Prescott (1982) 
Model and With the U.S. Economy in the Period 1950-79^ 



Standard deviations: 





1 The 


U.S. 


BBC 3 


BBC 2 


Kydland— 


X : 


economy : 


s* = .17 : 


s* = .15 : 


Prescott : 


Y 




1.00 


1.00 


1.00 


1.00 


C 




.33 


.65 


.55 


.50 


I 




2.83 


2.69 


3.58 


3.58 


E 




1.11 


.68 


.70 


.58 


W 




.55 


.42 


.45 


.50 


EA 


2 . 




.3238 


.7890 


.8748 


Correlations with output: 




The 


U.S. 


BBC 2 


BBC 3 


Kydland— 


X : 


economy : 


s* = .15 : 


s* = .17 : 


Prescott : 


C 




.94 


1.00 


1.00 


.66 


I 




.71 


1.00 


1.00 


.80 


E 




.85 


.92 


.94 


.93 


W 




.10 


80 


.84 


.90 


EA 


2 . 




.5826 


.6434 


.7329 



made it even scarcer by leaving out capital (Lucas, 1987, also discarded it in 
his Kydland-Prescott Table). The problem with quantitative comparisons 
involving the dynamics of capital still comes from the fact that the capital 
stock, which can be measured, is not the same thing as the capital input to 
production, i.e. the capital services, which is relevant in dynamics. One can 
easily understand that capital stock does not vary much during a cycle, and 
that it has almost a zero correlation with output over a cycle. But ’capital’ 
in growth theory is a different thing, whose measurement is difficult. 

3. Comparisons with empirical autocorrelations. The autocorre- 
lation of output Y with its value Y' delayed by a time D is given by 

ryy/ = cov (y, Y')/aY , cov (Y, Y') = lyy' ~ my my 
T 

Iyy' = ^ /o Q*YmHt-D)dt, 



^The data and the predictions of the Kydland-Prescott model as given in Kydland and 
Prescott (1982). The last row indicates the sum of error squares in each model. 
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T 

my = ^ Qy(^ ~ °'k = cov (y, Y') for jD = 0. 

Here my ^ my because of the divergence of the cycles defined by (1) and 
(2), which we shall use. Direct calculation gives, by applying (14.25) and 
( 2 ): 



Iy,y' 



(15.15) 






/?a 4- 



.2 



(1 - s*)w 
cos(jjD a coswD — 2w sinwD 



,27ra/o; 



a 



+ 4o;^ 



- l) . 

[s(0) - .-]2^ 



(15.16) myl'^y — 



g(27r/c^ - D)a/2 (coswD + ^ sinwO) - 1 



Again the unknown initials state s(0) — s'* cancels out in the final formulae. 

In a comparison of the predictions of the BBC with those of the Kydland- 
Prescott (1982) model, which is so far the only case where a comparison of a 
shock model with autocorrelation data has been performed, the theoretical 
equivalent of a quarter of a year is needed. By taking the average length of 

Table 5. — Comparisons of Predicted Autocorrelations With 
Those of the Kydland-Prescott Model and With Data"^ 



j ■ 


The U.S. 
economy : 


BBC 2 
s* = .15 : 


BBC 4 
s* = .18 : 


BBC 0 
s* = .11 : 


Kydland- 
Prescott : 


1 


.84 


.90 


.92 


.93 


.71 


2 


.57 


.71 


.72 


.73 


.45 


3 


.27 


.44 


.45 


.46 


.28 


4 


-.01 


.15 


.14 


.16 


.19 


5 


-.20 


-.13 


-.19 


-.11 


.02 


6 


-.30 


-.35 


-.39 


-.33 


-.13 


SA 


2 . 


.0851 


.0951 


.1077 


.1487 



^The data and the Kydland-Prescott predictions are those reported in Kydland and 
Prescott, 1982, and again in Lucas, 1987. The last row indicates the sum of error squares 
for each model. 
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period of the business cycles in the U.S. economy in the period 1950-79) 
studied by Kydland and Prescott, to be 4 years, we have Qq = T/4, where 
T = 27t/uj is the length of period in terms of the theoretical unit of time 
[TU] (for the time scales, see Section 6). Thus Di = T/IQ = tt/So; is the 
theoretical equivalent of a quarter of a year. 

The comparison with the Kydland-Prescott (1982) model and with the 
data from the U.S. economy in the period 1950-79, which they used, are 
given in Table 5. Three versions of the Basic Business Cycles were again 
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Table 6. -- The numerical calculation of autocorrelations^ 



s* = .11 


j = 1 


j = 2 


7 = 3 


7 = 4 


7 = 5 


7 = 6 


D = jDi 


3.4563 


6.9126 


10.3690 


13.8253 


17.2816 


20.7379 


^-o,Dl2 


.9300 


.8649 


.8043 


.7480 


.6959 


.6469 


cosojD 


.9239 


.7071 


.3826 


0 


-.3826 


-.7071 


sinojD 


.3826 


.7071 


.9239 


1 


.9239 


.7071 


rriY my 


.0040 


.0027 


.0009 


-.0011 


-.0030 


-.0045 


cov (yy') 


.0652 


.0515 


.0324 


.0115 


-.0080 


-.0234 


ryyt 


.9272 


.7326 


.4612 


.1632 


-.1142 


-.3331 


s* = .15 


i = 1 


7 = 2 


7 = 3 


i = 4 


7 = 5 


7 = 6 


D = jDi 


4.2674 


8.5348 


12.8023 


17.0697 


21.3371 


25.6045 




.9380 


.8798 


.8253 


.7741 


.7261 


.6811 


coso;Z) 


.9239 


.7071 


.3826 


0 


-.3826 


-.7071 


sin ljD 


.3826 


.7071 


.9239 


1 


.9239 


.7071 


my my 


.0040 


.0026 


.0006 


-.0017 


-.0038 


-.0054 


cov(yy') 


.0848 


.0669 


.0417 


.0138 


-.0124 


-.0333 


ryyt 


.8957 


.7065 


.4403 


.1456 


-.1311 


-.3514 


s* = .18 


J = 1 


7 = 2 


7 = 3 


7=4 


7 = 5 


7 = 6 


D = jDi 


5.4162 


10.8323 


16.2485 


21.6647 


27.0808 


32.4970 


e-cD/2 


.9447 


.8925 


.8432 


.7965 


.7525 


.7110 


cos u}D 


.9239 


.7071 


.3826 


0 


-.3826 


-.7071 


sinujD 


.3826 


.7071 


.9239 


1 


.9239 


.7071 


my my 


.0054 


.0035 


.0007 


-.0024 


-.0053 


-.0076 


cov(yy') 


.1185 


.0933 


.0576 


.0178 


-.0198 


-.0500 


ryyt 


.9197 


.7241 


.4471 


.1386 


-.1537 


-.3879 



experimented with, this time determined by the values .11, .15 and .18 of the 
balanced-growth net savings rate s*. As shown by the sums of error squares 
reported in Table 5 the value s* = .15 gives again the best prediction of 
data. But also the other versions of the BBC predict the data better than 
does the model based on stochastic shocks. And again it is the pattern that 
singles out the BBC predictions from the predictions of the shock model: 
the former ones reproduce the pattern of data better (Fig. 6). 

To facilitate the reader’s checking of the results, some phases of the 
numerical calculation are again indicated (Table 6). 

^The initial state factor [^(O) — 5*]^ has been deleted in my my and in cov (YY'). It is 
canceled out in ryyt. Note that ujD = (j/16)360®. 
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16 . Conclusions and Challenges 

1. The two levels of macroeconomic theory. The linear approx- 
imation certainly does not full justice to the theory of the Basic Business 
Cycles, neither to the differential equations (12.27) nor to the detrended 
cycle functions (14.25)-(14.31). Still its predictions are better than those of 
the stochastic shock models in all the comparisons performed so far. This 
non-stochastic simple theory also gives correctly all the patterns of data in 
Figures 4-6, which cannot be said of any of the considered stochastic models. 

The conclusion is near that the dynamics of the Basic Business Cycles 
reflects fundamental characteristics of the real dynamics of business cycles, 
fundamental enough to be taken into account in economic theory. 

On the other hand, we know that stochastic shocks do exist and affect 
human life in most of its aspects, and of course they influence economic 
development and the business cycles. But the success of the BBC certainly 
suggests that 

the effects stochastic shocks on business cycles can he seen as 
disturbances superposed on the Basic Business Cycles, due to the 
mutual interference between material and nonmaterial values. 

If this reformulation of the problem of business cycles is accepted, it neces- 
sitates a reinterpretation of the elegant Lucas 1987 vision of macroeconomic 
theory (Lucas, 1987). This vision, based on finite values of welfare functions 
as determined by the Bellman equation, was formulated for material values. 
They are of course the main concern of the short-term economic theory. But 
we have shown that economic development in the long run is strongly af- 
fected by nonmaterial values too. Two such social values were technically 
involved in the construction of extended economic mechanics. 

One of them is expressed by the ^mass effect principle’ underlying the 
growth equation (12.5) of human capital in the present unified theory of eco- 
nomic growth and business cycles. The appearance in this growth equation 
of the total time [(1 — u(f)]t;(t)7V'(f)] devoted to the accumulation of knowl- 
edge and skills in the whole society, instead of the Lucas formula (11.4), 
implies that a mass-scale social interaction between a great number of in- 
telligent people is necessary for human capital growth. This of course fits in 
with the results of Paul Krugman about the reasons of the growth of Chicago 
and Los Angeles. The mass effect principle underlying (12.5) already is an 
obstacle to a microeconomic interpretation of the extended mechanics. 

The other one is the inexhaustable pursuit of individual freedom, as ex- 
pressed by the leisure term in the current-time utility in the present unified 
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theory. The inclusion of the freedom aspect makes it impossible to apply 
the finite Bellman formalism, since there is no finite measure of the value of 
freedom, which is infinite. This differs greatly from the situation met if only 
material values, such as consumption, are taken into account. 

Indeed, the need for consumption per capita as expressed by the first term 
divided by N in the current-time utility, — 1]/(1 “ cr), is bounded for 

cr > 1, which is strictly true in the present theory. This is realistic: nobody 
profits from food or other commodities more than up to some finite limit. 

On the other hand the wish for freedom expressed in the extended theory 
by the endogeneously determined weight ^ of the second term of current-time 
utility,^ (f) [1 — v(t)]N(t)j is because of (13.4) and (13.24) unbounded in a 
way that even the discounted utility never becomes zero. I think this too is 
realistic. One’s material needs are limited, but the wish for freedom is not. 

It follows that macroeconomic theory must be approached on two levels: 

1) as a short-term approach where material values dominate and the 
theory is reducible to microeconomics (e.g. in terms of the Bellman-Lucas 
formalism in Lucas (1987) with its finite value functions), and 

2) on a deeper levels where the long-term human pursuit of ever greater 
individual freedom and of growing objective knowledge set the tone, and the 
theory is not reducible to microeconomics. The present extended economic 
mechanics belongs to the latter level and shows the interaction between 
material and nonmaterial values to be the ultimate source of all economic 
growth including the business cycles. 

Note (The Convergent and Divergent Cycles). It is arguable that the 
cycles generated by e""^^(s — s’**) and e“^^(u; — 6’*'), instead of the above cycles 
of s — s* and should be taken to represent theoretically the detrended 

business cycles. The former cycles are convergent while the latter ones are 
divergent, and the convergent cycles indeed still improve the predictions of 
empirical data given by the theory. With the convergent cycles we get, with 
the best parameter values s* = .13 and 6* = .3, the following results (to be 
compared with the US values and the numbers of BBCl in Table 3): 



'^CY = 1-00 
— -44 



rjY = 1.00 

c7//(7y = 4.77 



rEY — .93 
0’eIo‘Y — -81 



rwY = -33 
(Jw ! ^Y = -74 



The sum of error squares is now for the prediction of correlations only .0659, 
which is much smaller than the corresponding total error .1739 obtained for 
the divergent cycles. In the case of the standard deviation proportions the 
sum of error squares is now .2188, which is not essentially larger than the 
number .1961 obtained for the divergent cycles. 
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2. Economic stability. Another general consequence of the present 
unified theory of economic growth and business cycles concerns the prospects 
of economic stability. In a world where the divergent cycles are true, eco- 
nomic development does not automatically lead to a stable economic system 
in the end. The negative Bendixson criterion denies it. Thus there is no free 
lunch, but people have to earn it by hard saving, risky investment — and by 
having patience to wait. This is because an approximately stable economic 
system, stable in the sense of Liapunov, can be reached only by such paths 
in the parameter space along which p/n (always larger than one), a (always 
larger than one) and s* /fi (always smaller than one) approach very close to 
one in the end. 

However, even for the divergent cycles 

the relative significance of the business cycles with 
respect to output approaches asymptotically zero, 
as shown in Section 14 paragraph 3. The relative asymptotic stability, de- 
fined by 

o-y/y* oc e(“/2 - . 0 for s* > /?/3, 

holds good in advanced economies, since the parameter condition is fulfilled 
in all of them. This indeed is sufficient, as far as I can see, for the existing 
monetary theory to make sense. 

3. Are real business cycle theories outdated? Quite recently 
serious doubts about real business cycle theories were expressed by Hairault 
and Portier (1993), who suggest that ”the typical modern business cycle 
cannot be reduced to the real business cycle archetype.” They showed that 
”a monopolistic competition model with price adjustment costs, affected by 
technological and monetary shocks, better mimics the economic fluctuations 
in two countries with very different cyclical properties, namely France and 
the United States.” It is interesting to test the goodness of predictions of the 
entirely non-stochastic theory of Basic Business Cycles by comparing them 
with the predictions of the Hairault-Portier model. 

Table 7. - The Basic Business Cycles and 
THE Hairault-Portier Model Compared. 



Prediction of: 


BBC: 


H-P: 


U.S. economy 


.2057 


.2013 


French economy 


1.511 


3.4929 



If we compare (cf. Table 7) the predictions of these two theories con- 
cerning the correlations with output over detrended cycles and the standard 




94 



THE CAUSAL PART OF THE BUSINESS CYCLES 



deviations in proportion to the standard deviation of output, we find that 
the Hairault-Portier and the BBC do on the average equally well in the case 
of the U.S. economy (1959-90, the period of Hairault and Portier), while the 
BBC do better than the Hairault-Portier model in the case of the French 
economy (the same period). The sum of error squares, as a grand total of 
all those items, is .2013 for the Hairault-Portier and .2057 for the BBC in 
the prediction of the U.S. economy. In the case of the French economy there 
is, however, a clear difference in favour of the BBC predictions, their sum of 
error squares being 1.1511, to be compared with the number 3.4929 of the 
Hairault-Portier model. 

In these comparisons the numbers of Table 3 for the BBC 1 (s* = .13) 
were used. Thus the parameter values were kept fixed. The data were 
those reported by Hairault and Portier (ibid.). Their (benchmark) model, 
used in the above comparison, had been separately calibrated for the U.S. 
and French economies, while no such thing was done with the BBC model. 
This shows in the better achievement of the Hairault-Portier model, if only 
correlations are taken into account. However, the numbers just quoted tell 
that the theory of Basic Business Cycles, formally deduced from two axioms 
imposed on the Lucas theory, still explains the whole pool of data somewhat 
better than does what seems to be a very sophisticated shock model. Ergo: 
conclusions as above. 

17. The Dynamics of Anomalous Business Cycles 
and Their Quantitative Verification 

1. Fundamental theory vs model construction in economics. In 
this chapter the anomalous cycles observed in the period 1914-50 in the U.S. 
and U.K. economies will be studied. Characteristic of this period in these 
countries was 

- that the normally highly procyclical consumption and investment lost 
their procyclicality; 

- that the fall in the procyclicality of investment was still larger than 
that in the procyclicality of consumption, the correlation with output over 
detrended business cycles being reduced in the case of investment to .16 
(U,S.) or to -.41 (U.K.), and in the case of consumption to .51 (U.S.) or to 
-.33 (U.K.); 

- that as a contrast to these anomalous phenomena employment retained 
its usual high procyclicality, its correlation with output over detrended cycles 
being .78 in the U.S. economy and .92 in the U.K. economy; and 
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- that in the U.K. economy the real wage level, usually moderately pro- 
cyclical or neutral, turned into a highly anticyclical variable, with the cor- 
relation -.61 with output over detrended cycles. 

All the mentioned numbers come from Correia, Neves and Rebelo (1992). 
In this paper a causal explanation of these phenomena is given in terms of the 
Growth Type 2 of Basic Business Cycles. A more specific quantitative model 
is constructed for their study in the U.S. economy, the numbers derived from 
this model being close to the empirical values. 

There is an aspect of the theory of the Basic Business Cycles that makes 
it more suitable for discussions of anomalous phenomena than are the usual 
methods applied in current economics. In the construction of an economic 
model usually a great number of specific hypotheses pertaining to different 
fields of economics are brought together. The result is a sophisticated and 
more or less balanced combination of various aspects of current economic 
thinking: often a sort of compendium of the economic wisdom of the day. 
But this implies, methodologically, that only what is average and ordinary 
— according to the common reason — may be covered by the models thus 
constructed. 

What is exceptional and anomalous is easily ignored in this kind of model 
approach, which involves numerous hypotheses, each of which must sound 
reasonable enough to satisfy common sense. Still the anomalous too may 
be methodical — it only follows a logic different from the obvious one. Such 
anomalous cases indeed play a remarkable role for instance in the selection 
of correct physical theories from the wrong ones. One can even say that they 
offer the essential arguments for or against any general theory. The history 
of science knows many examples of this. The small deviations from perfect 
circular symmetry in the orbits of planets settled the dispute in favour of the 
Keplerian theory and against the Copernican one. The small anomalies in 
the perihelic motion of Mercurius testified for the general theory of relativity, 
etc. 

The present unified theory of economic growth and business cycles was 
constructed by following the methodology of generalization of earlier theo- 
ries, much applied in theoretical physics. What is considered as a fundamen- 
tal theory, is generalized by means of the least possible number of hypotheses. 
The general idea behind this method is to derive as much as possible from 
as little as possible. This is somewhat quite contrary to what is involved in 
the typical construction of an economic model: there many hypotheses are 
used to derive often not so many consequences. 

In saying so the current practice of dynamical model construction in 
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economics was meant. This leaves out the vast literature on mathemat- 
ical economic theory concerning competitive equilibrium, which of course 
is general and fundamental. But that theory is rather static in character. 
Compared with it any attempt to generalize economic dynamics must be 
tentative. 

The critical issue in the methodology of generalization in economic dy- 
namics is the choice of the general theory to be generalized. In physics the 
choice tends to be too evident to evoke discussion. In economics the situation 
is different. The economic litterature knows many attempts at general theo- 
ries, but until quite recently they were mostly verbal and ambiguous. Hence, 
the first criterion of any fundamental dynamical theory in economics is its 
exact mathematical nature. Or, as expressed by Robert Lucas: ”I prefer to 
use the term ’theory’ in a very narrow sense, to refer to an explicit dynamic 
system, something that can be put on a computer and run.” (Lucas, 1988, 
p.5). 

As a matter of fact the mentioned first criterion leaves very little to 
choose about in economic theory. As a mathematical science using explicit 
dynamical systems as its theoretical foundation economics is very young. 
If this criterion is combined with the required generality of the theoretical 
ideas expressed, only a few candidates for a theory, to start with, are left. In 
the present study the Lucas 1988 ’mechanics of economic development’ was 
chosen as the starting point of generalization, since the pursuit of a general 
dynamical theory in economics is characteristic of Lucas himself — and his 
’mechanics’ can be considered to be already a generalization itself, viz. a 
generalization of the seminal Solow growth model. 

The generalization of the Lucas 1988 mechanics is quite essential for the 
present theoretical discussion of the anomalous business cycles. This gener- 
alization produced the Growth Type 2, in terms of which such a discussion 
becomes possible. The Solow model and also the Lucas 1988 mechanics are 
both of them examples of the Growth Type 1, where the basic growth path 
is the balanced-growth path. Only the Growth Type 2 gives the method 
and logic obeyed by the observed anomalous cycles. The difference from 
Growth Type 1 is that now the cycle center P is not a fixed point on the 
(s, zi;)— plane but moves slowly upwards in the positive tu— direction. The 
cycles are changed accordingly, and this produces the observed anomalous 
correlations over detrended cycles. 

We shall first, in paragraph 2 below, construct a method of calculation 
useful in the applications of Growth Type 2. After that a specific model 
for the present purpose will be chosen within the general framework of the 
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theory, and the fall in procyclicality of consumption and investment will 
be considered by means of this model (paragraph 3). The retaining high 
procyclicality of employment and the plunge in procyclicality of the real 
wage level are then considered in terms of the same model (paragraph 4). 
Finally, a brief appraisal of the results is given (paragraph 5). 



2. The method of calculation. We can again start with the solutions 
of the linearized equations of the Basic Business Cycles, valid in a neighbour- 
hood of the fixed cycle center P and expressible in the form (15.1)-(15.2). 
This is because we can reduce the cycle functions of Growth Type 2, using 
in a first approximation a loglinear trend, to those in Growth Type 1 plus a 
change variable. Let Vx denote this approximate cycle function. 

2.1, The approximate cycle functions in Growth Type 2. By writing b = 
6’^ — (6* — h) and using the symbol 6* — 6 = A we can reduce each cycle 
function Vx of Growth Type 2, detrended over a loglinear trend, to a sum 

(17.1) Vx=Qx + ^x^ (Rule 1) 

Here the first term is the cycle function of Growth Type 1. The second term 
is a change variable that describes how the moving cycle center P 2 of Growth 
Type 2 affects the cycle. The change variable is obviously given by 



(17.2) Ax= +Qx(s-s*,A), (Rule2) 

where Qx{^ — is obtained from the corresponding cycle function 

Qx{^) u;) in (14.25)-(14.31) by writing it as a function of the variables s — 
and u; — 6, and by replacing the latter by A. 

For Vy and Vc we get at once: 

(17.3) Vy = Qy+Ay, where 

Qy = /3{w — 6*) and Ay = (/? — p/a)A, 

(17.4) Vb = Qc = (l/^)Qy, Ac = 0. 
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The infinite series in s—s* converges strongly for very small values of s(0)— s*. 
As we shall be interested only in such initial states very near to the point 
Pi, the above two first terms will be sufficient for the present purposes. The 
resulting cycle function Vi of investment in Growth Type 2 is now easily 
constructed according to the Rules 1 and 2. It can be expressed, after some 
calculation, in the following useful form: 



(17.6) Vi 

(17.7) 



(F - G)Q*y - f‘^{ 0 - p/a){s - s*){w - b*) + FAy 



F^(s-s*)Ay, F = 




Finding the detrended cycle function Ve of employment in Growth Type 
2 offers no problems. First we write w = (w — and 1 — s = l — 

(s — s*) in Qe- The Rules 1 and 2 then give, after some calculation: 



(17.8) 



Ve = Q*e + 



1 

!-/?+«: 



) 



k ( s * - 13/ay 



Ak. 



The corresponding function of the productivity is Vw = Vy — Ve> 



2.2. Parameters. I suppose it is a good methodological advise to keep the 
parameter values fixed as much as possible when applying to empirical data 
many-parameter models, such as necessarily appear in growth theory. Other- 
wise the accusation is near that one has used the available many parameters 
to justify ’’theoretical predictions” of whatever data. To avoid this criticism 
in advance a policy of fixed parameter values, following closely the estimates 
calculated by or from Denison (1961), has been followed in the applications 
of the unified theory: strictly in Aulin, 1992, while allowing an experimen- 
tation with three different values of the net savings rate in Aulin, 1993a, 
and in Section 15 of the present study. In the present Section, and likewise 
in Aulin, 1993b, all the parameter values are fixed from the very beginning: 

n = .015, £ = .02, ^ = .25 => sups’** = .1875, infer = 1.3333, 
^=.5, ^=.13 =>(7 = 2.1, a’^ = .06, a; = .1660786, 

T = 27T/a; = 37.832599, 7 = .0054761, k = .417, B = .75. 

The independent parameters have been underlined. The other indepen- 
dent parameter values have appeared in earlier applications too, except for 
the value chosen above for the balanced-growth output/capital ratio 6*. The 
value .5 of this parameter, as well as the value .75 of 5, will be explained in 
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the next Section. The length of period of a cycle, T, is indicated in theoret- 
ical time units and corresponds to 4 years in real time (for time scales see 
Section 14 paragraph 4). This length of period in real time has been chosen 
in earlier applications too. The numerical value of k has been taken from 
Lucas (1988). 

S.3. Integrations over the period of a cycle. To get correlations we have to 
integrate, over the period of a cycle, products of powers of (w — 6*), (s — s*) 
and A, all of which are time functions. Products of the two first factors 
have already been taken care of in Section 15: we have the solution (15.1)- 
(15.2) of the cycle equations, which makes integrations over time easy. As to 
the last factor we expand it for those integrations in an infinite series with 
exponential terms, i.e. 

oo 

(17.9) A = 

r=l 

The functional expressions and numerical values of the ’basis integrals’ over 
a cycle, needed in the application to the anomalous cycles, can now be easily 
computed by using the formulae (15.1) and (15.2). In the following formulae 
a = (/? — /?/cr)"^ and x = s(0) — First we need the following integrals 
over the first cycle including the first and second degree in the Growth Type 
1 basic variables (w — b’^) and (s — s’**): 

1 fT (ea*T/2 _ A / ^ \ 

tIo (--'>•)«<= ^^ (—)« = ( 489791)., 



^ rr] X = (.11755) I, 

(a*)2 + 4u;V 



.^ = (4.194957)x^ 

. A.5-(a*)V8w2 \1 2 

T j [ 8a*a,2 V («*)2 + 4u;2 )\ 



= (2.1533352) x2, 



1 T f Ol * 1 \ r T 

«>*)(« - n dt = ~ j [2(137^] = (1 0067913) ^2. 
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Then we have to calculate the integrals over the first cycle of the following 
functions, in which also the first or second degree of the change variable A 
appears: 



^ J\s- s' 



^ ^ r=l 

(.0875566) X, where E = 26.5, 

^ '' r=l 

(.0198241) X, where E = 1.50, 
5i + 52 + 53 = (.0827938) . 



^{a'/2 - rt)T _ ^ 
(a*/2 - T7)^ + 



Here the infinite series S\,S2 and Sz are as follows: 



5. = 



r=2 

where E = 22.5, 
T 



,(«• - r7)T _ 1 

a* — rj 



/i*\2- * ^ 






(a* - r 7 )^ ^ 



(.0767655) x^, 



= (.004222512) x^. 



r=2 

where E = 10.65, 

^ (b'f(.5 - (a*)78^^) ^(_i)r^r(^ _ = (.0018058) 



where E = .565. 



The remaining integrals are: 

T 

{w — b*)(s — s*)A dt = 
4- 




2_ 

T 




3 - S*)A^ 



dt 



‘4£! 1 2l /f;) (-i)'+V(.], 



I 



2uf 



<r=l/ a 






(.2043341) where Ea = 62.9, Et = 9.18, 



:-]2 



1 



(6*r 



£(-l)'-5'-(r-l)(a*-r7)[-]. 



= (.0032643) X, where E = .494, 
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1 

fi 
i r 

T Jo 




l + B \ 

i + fle-^ry 




l + B 

1 + Be-'y'B 



= (.0407535). 



(.2017471), 

1 1 

'*'1 + 5 1 + 



In the computation of integrals, where the integrand includes an infinite 
series, 20 first terms of the series were used, except for the two first such 
integrals in the above list, in which cases 12 first terms were considered to 
be sufficient. 



3. The fall in procyclicality of consumption and investment. 
The general theory tells nothing specific concerning the period 1914-50, in 
which the anomalous phenomena appeared. To be specific we have to choose 
a model for this particular period, to be constructed on the basis of the 
general theory of the Basic Business Cycles. 

3.1, The choice of model for the anomalous period. The modern level of 
output/capital ratio in advanced countries has been reported to be generally 
about 1/3 (Mankiw, Romer and Weil, 1990). In the period 1909-30 it was 
approximately .3 in the U.S. economy, as is evident from Fig.l (Section 5), 
based on the numbers Solow (1957) gives. Therefore in previous applications 
of the theory of Basic Business Cycles, where Growth Type 1 was applied, the 
value 6’*' = .3 was chosen. The so obtained predictions, concerning output- 
correlations and variances over detrended business cycles (see Section 15, or 
Aulin, 1993a), as well as autocorrelations of output (ibid.), were rather well 
in agreement with available empirical data. The empirical results concerning 
periods before the first and after the second world wars (Correia et al.,1992; 
Danthine and Girardin.1989) all show the high procyclicality of C, I and £*, 
and thus the ordinary cycles of Growth Type 1. 

Now the period 1914-50 is in question. We can see from Fig.l that now 
the value 6’*' = .5 must be adopted: this is the level to which the approxi- 
mately logistic rise in 6 leads in the U.S. economy during the period between 
the Great Depression and 1950. Secondly, this logistic rise suggests Growth 
Type 2. Thirdly, we can choose, in the exactly logistic growth function b of 
Growth Type 2, the value B = {b* — K^))/K^) = -75. This implies, with 
b* = .5, the value 6(0) « .28, which in turn locates the start of Growth Type 
2 (see Fig.l) in the middle of the Great Depression in the U.S. 

It follows from the form of the logistic function 6, roughly represented by 
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the rising line in Fig.l, that the characteristic phenomena of Growth Type 
2 are most outstanding during the first business cycle after the start of this 
Growth Type: the movement of the cycle center P 2 is fastest there. Thus a 
model with a time span from f = 0 to t = T, i.e. over the period of the first 
cycle after the change, is most revealing. This will accordingly be the model 
in terms of which we shall quantitatively analyse the anomalous phenomena 
encountered in the period 1914-50 in the U.S. economy. 

3,2. The fall in procyclicality of consumption. Using for the integrals the 
numerical values given above we first calculate, denoting the unknown initial 
state s(0) “5*, as before, by x, the expectation values 

m*(y) = /?! /^(u; - 6*) dt = (.1224477) i, 

T Jo 

1 

m(Ay) — Adi = (.0264192) X, 

i Jo 

then the variances and the mutual covariance of Qy and Ay : 

1 T 

= (.2471914) x2, 

‘^Ay dt - [m(Ay)]2 = .00000089, 

cov(Qy,Ay) = (w - b*)Adt - m*{Y)m(AY) 

= (-.00036857) X. 

Hence we get the expressions 

<7y = (cTy)^ +Cr^^ + 2C0v(Qy, Ay) 

= (. 2471914 + . 2 , 

(»J.)2 + cov(Of-,Ay)= (.2471914- °0036857 ^ ^2 

What we want is the correlation 

cov{C,Y) (o-f)^ + cov(Qy, Ay) 



accry 



CTy (7y 
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But this correlation obviously has different values for different initial 
states X, Table 8 shows these values for a number of magnitudes of x. The 
function rcy{x) is illustrated in Fig. 7. A curious new phenomenon appears. 
While in normal situations, to which in this theory there corresponds Growth 
Type 1, the correlations over detrended business cycles are (at least to the 
second degree) entirely independent of the initial state x (see Section 15), 
they now heavily depend on it. 

Table 8. — Theoretical Correlations With Output Over 
Detrended Cycles in Growth Type 2.® 



X 


rcY 


riY 


rsY 


rwY 


.000 


-.78 


1.00 


1.00 


1.00 


.0005 


— 


— 


.99 


.40 


.001 


-.38 


.78 


.96 


-.01 


.0011 


-.32 


— 


.95 


— 


.0015 


.01 


.58 


.89 


.08 


.002 


.40 


.37 


.77 


.32 


.0023 


— 


.28 


— 


— 


.0025 


.65 


.24 


.76 


.45 


.003 


.79 


.20 


.76 


.55 


.004 


— 


.21 


.78 


.64 


.005 


.95 


.26 


.81 


.68 


.0075 


— 


.36 


.85 


.72 


.01 


.99 


.41 


.86 


.73 



We can see that the fall in the procyclicality of consumption is the larger 
the smaller is the difference x, i.e. the closer to the fixed cycle center Pi 
of Growth Type 1 start the cycles of Growth Type 2. This suggests the 
following interpretation of the anomalous correlations: 

1) they are due to a change from the ordinary cycles of Growth Type 1, 
with its fixed cycle center Pi, to the cycles of Growth Type 2 with a moving 
center, and 

2) the change takes place when the ordinary cycles have collapsed (cor- 
responding to a sudden process ^ 0), as a consequence of which the state 

(s, tx;) has come to the immediate vicinity of the fixed cycle center Pi. 

The decline in procyclicality of consumption is (cf. Fig. 7 on the next 
page) the larger, the larger is the collapse of ordinary cycles, i.e. the closer 
to the point Pi is the initial state of the Growth Type 2 cycles. 

® These correlations are illustrated by points in Figures 7 or 8. 
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Figure 7. - The Predicted Anomalous Correlations 
OF Consumption, Investment and Employment as 
Functions of the Initial State, Compared With 
Data From the U.S. and U.K. Economies 
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What, then, may have caused the assumed collapse of the ordinary busi- 
ness cycles? In the case of the U.S. economy, the collapse must have taken 
place as a consequence of the Great Depression, since according to Fig.l 
(in Section 13 paragraph 3) the transformation of Growth Type in the U.S. 
economy has taken place at that time. On the other hand, the numbers, 
given by Solomon (1990) concerning the British economy, suggest that a 
change from Growth Type 1 to Growth Type 2 started in Britain earlier, as 
a consequence of world war one already. 

3.3. The still larger observed fall in procyclicality of investment. The form 
of the detrended cycle function V/ of investment, (6), gives immediately the 
variance and covariance we need: 

ctJ = (F-G)2(<7^)2 + f 24 ^+fV 2 ^ 

4- 2F{F - G)cov(Q^, Ay) - 2f‘^{F - G)cov{Q'^,sAy) 

— 2F^cov(sAy , Ay) — 2F^(/? — (I/a)cov{sw, Ay), 



cov(I,Y) = (F-G)(4)2 + F4^+(2F-G)cov(gj^,Ay) 

— f‘^cov{Qy,sAy) — F^cov{sAy,Ay), 

— f 2(/? — /?/cr)cov(si£;, Ay ). 

In both expressions the terms of third and higher orders in x have been 
omitted, and the short notations (s — s*)Ay = sAy and {s — s*)[w — b*) = sw 
have been used. 

The expectation value, variance and covariances, not encountered before 
but needed in these formulae, are easily computed from the numerical values 
of basis integrals given in Section 2 above: 

(s-s*)Ad< 

(.00259600) X, 

/?/cr)2l (s- s*)2A2dt - [m(sAy)]2 

(.001412961) x2, 

1 

P — jS/cr)— / {tv — b*){s — s*)Adt — m*{Y)m{sAY) 

1 Jo 



m(sAy) = 



^sAy 



— 



cov(gy , sAy) 
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cov(sAy , Ay) 



cov(su), Ay) 



(.0063716) a;2, 

1 T 

(/? - ^jar)^— s*)A^ dt - m(sAy )m(Ay) 

(-.000012607) ar, 

(/? — /?/(7)-; [ (s ^ s*)(w — b"^)Adi — m(sw)m(Ay) 
T Jo 

(.000159400) a;2. 



By combining the above results we get the following numerical expres- 
sions: 

.2 - (. 548721 + - :« i ^) -2 






= (e. 



cov 



(7,y) = (^.7354666 + 



.0000061538 



.0037506 ^ ^2 



This gives for the correlation of investment with output over a detrended 
cycle, rjy = cov(/, y)/crycr/, the numerical values listed in Table 8 for a 
number of values of the initial state x. These results are illustrated in Fig. 7. 
Again we can see the fall in procyclicality depending heavily on x. By 
comparing the curves with the dashed lines indicating the empirical values 
of 3.nd riy in the U.S. economy, as calculated by Correia, Neves and 
Rebelo (ibid.) from the period 1914-50, we can make a couple of interesting 
observations: 

1) the fall in procyclicality of investment is indeed larger than that of 
consumption as soon as a: > .0022, and 

2) the closest fit with the empirical values rcy = .51 and rjy = .16 is 
obtained for the distance .0025 of the initial state from the cycle center of 
Growth Type 1. 

The conclusion to be drawn from the result accordingly is that the theory 
suggests a collapse in the U.S. of ordinary business cycles, in which the state 
(s, w) in the Great Depression reached as small a distance as .25 percentage 
units (on the scale of net savings rate) from the fixed center Pi . 



4. The retained high procyclicality of employment. As a contrast 
to the fall in procyclicality of the usually highly procyclical consumption and 
investment, employment retained its high procyclicality even in the anoma- 
lous period 1914-50 in the U.S. (and also in the U.K). This result too is 
predicted correctly by the present model. 
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4 .L The nearly perfect fit of theory and the U.S. data. We first compute, 
using the numerical values of the basis integrals given in paragraph 2 above, 
the here needed magnitudes of the expectation value, the variance and the 
covariance with output of employment in the ordinary detrended cycles of 
Growth Type 1: 



rriE 



i<^Er = 



cov{E, Y)* = 



-6*^ J\s - s*) dij = (.0786939) ar, 

- 2(l-s*)6*i/ {s - s*)(w - b*) dt 

T Jo 

+ J\s - s*)2 d*| - {m*E)^ = (.1240301) 

- s*){w - 6*) dt\ - = (.1588632) x^. 



Here again the terms of higher than second order in x have been omitted. 
We need also the magnitude 



cov{Q*e,Ay) = 



.){(- 



- s' 



cov(Qy, Ar) 



1 — /? + «:/ tv fd 

(/?-/?/(7)ijf (s - s*)Adf - m(s)m(Ay) 



= (-.000220195) X. 

This completes the preliminary work necessary for the calculation of the 
following functions of Growth Type 2: 

cov(£J,y) = cov(g,y)* + cov(Q^,Ay)+ • 



1 + 



k ( s * - p/a) ' 
/?-/?/<?■ . 



["Ay 



+ cov 



(Qy.Ay)] 
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and 






■ k(s* — fS/a)] 



.0005470367 2 

/ ^ > 
X ) 



(Te = 



+ 



w)^+(l_^+ J [1+ 



k{s* - p/a) 



P- P/a J Ak 



2p 1 
,(1-/?+k)2j 



1 + 



«(«* - P/<^) 



1 + 



P- P/a 

«(s* - /?/o’) 



cov(Q;^, Ay) 



P-p/a J 



cov(stt;, Ay) 



= .1239696 + 



.00000069988 



.0003905305 ^ ^2 



The resulting correlations over a detrended cycle in Growth Type 2, i.e. 
tey = cov(£', y)/cT£;( 7 y , are given in Table 8 and illustrated in Fig. 7 and 
Fig. 8 for certain values of the initial state x. What strikes one when looking 
at these correlations, after having studied the corresponding correlations of 
consumption and investment, is their continuously high values. Never do 
they fall below the value .76 obtained for x =.002, .0025 and 003. This is in 
harmony with the empirical value .78 reported by Correia, Neves and Rebelo 
(1992) for the period 1914-50 in the U.S. economy. 

We can complete the present analysis by constructing also the function 
rvyy(x) of the correlations of real wage level (or labour productivity) with 
output. By using the formulae 

cr^ zz cr 2 ^ 2 _ 2 cov(£', T ) and 

cov(iy,y) = a^-cov{E,Y) 

we get for the mentioned function the values shown in Table 8 and illustrated 
in Fig. 8. The value obtained at the point x = .0025 is .45. Unfortunately 
this result cannot be compared with an empirical correlation, since the real 
wage level was not included in the U.S. material analysed by Correia, Neves 
and Rebelo (ibid.). Concluding from what some other sources tell about the 
level of procyclicality of the real wages (productivity) in the U.S. economy 
this is not far off the target. However, since we have no Correia-Neves- Rebelo 
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number for this variable, we have to exclude this result from Table 9, where 
empirical and theoretical values are compared with each other. 

Table 9. — Comparison of Model Correlations 
With the Empirical Ones*^ 



Variable 


Model 

(0025) 


The U.S. 
economy 


Model 

(0011) 


The U.K. 
economy 


Consumption 


.65 


.51 


-.32 


-.33 


Investment 


.24 


.16 


!! 


-.41 


Employment 


.76 


.78 


.95 


.92 


Productivity 


.45 


- 


!! 


-.61 



The fit of theory and the available empirics of anomalous correlations shown 
in Table 9 is good in the case of the U.S. economy. Quite obviously the 
strange phenomena encountered in the period 1914-50 in the U.S. economy 
can be explained in terms of Growth Type 2 of the Basic Business Cycles. 

4 , 2 . Why did the business cycles collapse? The results shown by Table 9 also 
agrees with the earlier result obtained from the analysis of consumption and 
investment, according to which the change from the ordinary business cycles 
(of Growth Type 1) to the anomalous business cycles (of Growth Type 2) in 
the aftermath of the Great Depression took place at the distance x = .0025 
from the fixed cycle center Pi . 

On the other hand Fig. 7 suggests that, as far as consumption and em- 
ployment are concerned, the fit is good also in the case of the U.K. economy 
of that period, but for a smaller value of x. The distance x = .0011 gives 
for the value of the correlation of consumption with output over detrended 
business cycles the number —.32 and for the value of the corresponding cor- 
relation of employment the number .95. Both are close to the empirical 
correlations, which are —.33 and .92, respectively, as reported by Correia 
et. al.. Such a fit can hardly be a product of chance, but suggests that the 
anomalies in these correlations also in the U.K. are due to the same cause 
as in the case of the U.S. If this is to be believed, the collapse of ordinary 
business cycles in Britain, as a consequence of the first world war, must 
have been still more drastic as it was in the U.S. in connection of the Great 
Depression. 

The evidence, given by the appearance of the (nearly) correct values of 
the correlations with output of consumption, investment and employment 

^The empirical correlations are those reported by Correia, Neves and Rebelo ( 1992 ). 
The points where the present model is unfit for the U.K. economy are denoted by !! 
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in the U.S. economy at the same initial distance x = .0025 from the fixed 
cycle center, is of course indirect. The same holds for the evidence given by 
the appearance of the (nearly) correct values of the correlations with output 
of consumption and employment in the U.K. economy again at the common 
distance x = .0011 from the fixed cycle center. Direct evidence about the 
collapse of the ordinary business cycles at those distances from the their 
center point in the U.S. and U.K. economies is of course hard to get: the 
present econometric analysis is still insufficient to make such sophisticated 
distinctions. 

Why should the business cycles collapse in those cases? The answer in 
view of the present theory is simple. 

The BBC explanation of the collapse: 

During a long duress, such as the Great Depression in the U.S. 
and the first world war in the case of Britain, leisure loses its 
importance while people focuse on the major material value of 
survival. This is in mathematical terms expressed by the process 

(17.10) ^^0, 

in which the nonmaterial utility shrinks and the current-time 
utility function becomes finally unidimensional. This is equiva- 
lent to a collapse of the business cycles. 

In reality the collapse of the business cycles in the U.S. during the Great 
Depression as well as in the World War I Britain were not entirely total but 
stopped a little before zero in the formula (10). 

5. An appraisal of the results. To begin from the bad news we have 
to start with the question: 

5.1. Why the fit of theory with the U.K. data is only 50 %? We have seen 
(Table 9) that in the case of the U.K. economy there is 

1) a perfect fit of theory and data as far as the anomalous correlations 
with output of consumption and employment are concerned — the errors are 
only .01 and .03, while 

2) only a qualitative explanation is given by this theory of the anomalous 
output correlation of the productivity of labour, there being 

3) a perfect failure of the present theory to cope with the anomalous 
output correlation of investment. 

The empirical correlations of productivity and investment with output 
over detrended cycles, as reported by Correia et al. in the case of the U.K. 
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economy in the anomalous period 1914-50, were as low as —.61 and —.41, 
respectively. The empirical number —.61 is indeed clearly below the curve 
of the theoretical function rwY{^) in Fig. 8. And the empirical number —.41 
is very much below the theoretical curve of the function r/y(a:) in Fig. 7. 

However the predicted qualitative behaviour of the dependence of the 
correlation from the distance x is correct in the case of real wages. We can 
see from Fig. 8 how the curve of this correlation indeed plunges deep down at 
the correct value x = .001. One may ask whether the quantitative prediction 
would be better, say, for some other value of the parameter s*. However, 
there is no gain to be obtained in this way: the values s* = .11 and s* = .15 
do no improve the quantitative predictions given by the value = .13 (see 
Appendix 1). Nevertheless the same deep plunge down in the curve of the 
output correlation of productivity (of labour) is equally clear in these other 
cases, with about the same depth as in the present model. 




Figure 8. — The Predicted Output Correlations of Employ- 
ment AND Productivity of Labour Over Anomalous 
Business Cycles as Functions of the Initial State. 

A failure of the present theory accordingly is its inability to explain the 
anomalous value —.41 of the output correlation of investment over detrended 
cycles in the U.K. economy in the period 1914-50. Here a complementary 
explanation is needed. This could be the command economy during the 
world wars: it may have turned the net investment even anticyclical. 
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As to the anomalous value —.61 of the output correlation of the pro- 
ductivity of labour, only a qualitative explanation is offered by the present 
theory. It follows that something has to be added to get the whole story. 
Maybe the wartime economy can again be invoked, as the military efforts 
had to be supported by a steady productivity of labour at home. Again 
Britain as a smaller country felt the impact more than the United States. 

Conclusions. When appraising the results obtained for the anomalous 
business cycles, we have to notice that even in the case of the U.S. economy 
neither the model used in paragraphs 3 and 4 nor the reported empirical cor- 
relations do concern exactly the period (1930-50 in the U.S.), which should 
be the object of study of the anomalous correlations. The model was based 
on the first theoretical cycle of that period, since the anomalities can be 
expected to be most outstanding in the first cycle of Growth Type 2. The 
empirical correlations reported by Correia, Neves and Rebelo (ibid.) on the 
other hand have been calculated from the period 1914-50. But nearly one 
half of this period, from 1914 to about 1930, was a time with quite ordinary 
business cycles according to the testimony of Fig.l (in Section 5), based on 
the Solow (1957) data over the years 1909-49. According to this testimony 
the anomalities started about 1930 and ended about 1950. 

Therefore an exact quantitative agreement between the model and the 
empirical correlations should not be expected even in the U.S. case. Further- 
more, to simplify the calculations we have used, as a first approximation, the 
cycle functions detrended over a loglinear trend. This differs of course from 
the logistic trend given by the theory of Growth Type 2, as well as from 
the HP trend used in the analysis of empirical results (Correia et al, ibid.). 
Against this background an approximate agreement with the empirical cor- 
relations in the U.S. economy, such as shown by Table 9, must be considered 
very good. 

In the U.K. economy investment and wages pose in the period 1914- 
50 problems that are not solved by the present model, but they are just 
two cases of seven. There can be hardly any doubt, that the theory of 
Basic Business gives an essential part of the causal explanation of anomalous 
correlations. This explanation is quantitative and covering in the case of the 
U.S. economy. In the case of the U.K. economy its coverage is only 50 %, 
if a quantitative fit with empirics is required, while a qualitative fit can be 
said to cover 75 % of the (admittedly scarce) data. 

What is the cause we are speaking about? Can it be explained in any less 
formal way than by the mathematical formulae constructed in Sections 3 and 




ANOMALOUS BUSINESS CYCLES 



113 



4? I think that one can illustrate the cause of the anomalous correlations, 
embedded in the formulae, by a visual image. The ultimate cause, in terms of 
the theory of Basic Business Cycles, of course is the moving cycle center P 2 of 
Growth Type 2. It rises along a straight line, viz. the line s = on the plane 
(s,u;), where the cycles are originated. The cycles ’’leave behind” in this 
movement of their center, and thus produce a phenomenon of retardation: 
the correlations fall. But this concerns only such economic variables whose 
cycle function has a dominating component in the direction of the lu-axis, 
i.e. in the direction of the movement of the cycle center. 




VIII 



THE GROWTH EFFECTS OF NONMATERIAL VALUES AND 
THE TRADE-OFF BETWEEN GROWTH AND STABILITY 

18. The Primary Causal Factors of Economic Growth 

1. The reduction to human capital. The output (Y)p of an economy 
on a basic growth path P, whether in Growth Type 1 or 2, can be expressed 
in terms of the average human capital (h)p of population on that growth 
path: 

(18.1) (Y)p = 

Here the formulae (12. 12), (12. 17) and (12.26) were used, together with the 
equation w = b holding good on the basic growth paths. 

Similar reductions to human capital are easily given for each of the ag- 
gregate growth variables C (total consumption), / (total net investment), K 
(physical capital), E (employment, i.e. labour input) and W (the produc- 
tivity of labour= real wage level divided by 1 — /?), as well as for the costate 
price variables p and g, since we have: 

^C)p = s*(Y)p, (7)p = (l-s*)(y)p, {K)p = b-\Y)p, 

(E)p = (ip/k) (h)p, {W)p = ylV(i -/?)/,-/?/(!-/?) 

{p)p = K^/(l - m (Y)p\ (g)p = i^/k) {h)p\ 

Here the expressions of consumption and investment of course follow from 
the constancy of the net savings rate, s = s* on the basic growth paths. The 
formula (12.26) and the equation w = b were used for the formula (12.17) 
for E = huvN, and the definition formula W = Y/E for W. 

A little different kind of reduction to human capital is obtained for the 
time allocation variables v and u directly from their defining equations on 
the basic growth paths, (13.29) and (13.30), respectively: 

{v)p = (l/kN)[i^ -f- ih)p/(h)p], (u)p = + {h)p/{h)p]. 

This of course gives for the total working time vN and the leisure time 
(1 — v)N the corresponding reductions. 
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Thus all the essential real economic variables have been given a reduction 
to one of them, viz. human capital, on the basic growth paths. Of course we 
could have singled out some other of those variables, and express the rest of 
them in terms of that one. The reason why human capital was chosen as the 
’’reference variable” is that it comes naturally to consider human capital as 
the prerequisite of all economic development in any human society. 

2. The freedom factor. What is most interesting in the above reduc- 
tions is the coefficient of human capital for each growth variable. In these 
coefficients, obviously, further reductions can be made. First of all, is not 
an independent variable but was in (12.14) introduced as a short notation 
of the variable p + rn — Thus it is a function of ^ and 

v> = v>(^,6- 

It follows that jp, thus the other auxiliary function $ defined by the formula 
(12.15) as well as the function a defined by the formula (12.25), are functions 
of and 

a = a(Cla 

But the parameter 6, defined by the formula (12.24), then is also defined as 
a function of these three time functions: 

(18.2) b = b(llO- 

We can accordingly rewrite (1) as 

(18.3) (Y)p = with 

f(y) = ^1/(1-/?) [v>(4,o/fc]. 

Similar coefficients are easily obtained, by using the formulae given in 
Section 1, for each growth variable or price variable X: 

Here the exponents can be functions of only the constants j3 and k, as 
indicated. In the functions /(-^) also the constants p, cr, m, n and s* may 
appear. 

But because of = '0(^)0 include also the time allocation vari- 

ables u and V in the reduction of real economic variables to the time functions 
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and (h)p by constructing, for each Z of our economic variables, the for- 
mula 

(18.4) (Z)p = F^^\k,^,ilih)p,{h)p). 

Thus the development of each real economic variable on the basic growth 
paths is determined, as soon as the time functions ky^ and (h)p (and the 
constants) are given. Here the function i.e. the weight of leisure term 
in the current-time utility, is important as it together with human capital 
appears in the reduction formulae of all our variables. It can be called the 
freedom factor of economic development, since it indicates the strength of 
the pursuit of one’s own time and thus that of individual freedom. 

3. The three ultimate determinants of the level of national 
economy. The reduction just completed tells that, according to the present 
theory, the level of economic achievement of a national economy is in the 
last analysis determined by the following three functions of time: 

1) by the level of average knowledge and skills in society, as represented 
by the human capital (h)p(t) on the basic growth path, 

2) by the level of natural talents in population, as represented by the 
average efficiency k(t) of learning new things, and 

3) by the level of the pursuit of individual freedom in society, as repre- 
sented by the strength ^(t) of the pursuit of leisure time. 



4. The form of the function To be more specific let us find 

out the function even though this does not add anything to the 

general result just stated in paragraph 3 above. 

Beginning with the equation (12.24) we can write: 

+ n- plcr\- 



By applying (12. 25), (12. 15) and (12.14) in this order we then get: 






pAm-j 



m - 

p + m-^/^ 



+ n — p/a\ . 



Here we can substitute for the constants a and n — pfa their values obtained 
from (12.23) and from the parametric Euler equations (13.12), respectively, 
to get the final form: 



(18.5) 6(^,^,0 = 

(/?-^/« t )-1 



pAm-i/i 
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Check. It is easy to verify, after some calculation, that for the Growth 
Type 1 substitution 

= /7 -f — a*, with a* = (/? — s*)b* ^ 

the formula (18.5) gives the correct result b = b*. 

With a little longer but still trivial calculation one can also verify that 
for the Growth Type 2 substitution 

= p + m - Ip, with Ip = {(3 - s*)b, 

the same formula leads to the equation 

6/6 = (s" - /3/a){b^ - 6) 

and thus to the correct logistic time function 6 of the form (13.19). 

11, The Growth and Stability Effects of Savings Rate 

1. Which is the causal order of parameters? Of the eight para- 
metric constants p, cr, /?, k, m,n, A and s* involved in the functions 
of the formula (18.4), five are connected with the balanced-growth net out- 
put/capital ratio 6*^ by the balanced-growth Euler equation 

( 19 . 1 ) p + a{s*b^ ^n) = pb^. 

In this form of the Euler equation the balanced-growth equation of the 
growth of physical capital, A = s*6’*‘, has been already used. Both of these 
balanced-growth equations and accordingly the relation (1) are valid also in 
the Solow model and in the Lucas 1988 growth theory, as was indicated in 
Sections 10 and 11, respectively. 

The relation (1) tells that each one of the parameters involved depends 
on the other ones. As far as pure mathematics is concerned, any one of 
those constant parameters can be chosen as the dependent one. We have 
used this freedom of choice in Chapters 15 and 17 especially, by choosing 
the dependent parameter in a way that best helps the calculations. 

But as soon as a causal dependence is meant, the choice is not free. In 
this case we have to think about the real process and try to guess which 
parameter in that process is determined after all the other ones. It cannot 
be any of the parametric constants included in the utility function, neither 
the current-time utility nor the discounted utility, since utility expresses the 
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aims to be pursued by the economic process, and the aims of course precede 
the attempts at their achievement. This excludes the discount rate p, the 
risk aversion coefficient a and the growth rate n of population in all the 
mentioned growth theories including the present one. The capital’s share (3 
must be also excluded, since it is one of the dominating constant parameters 
in the production function, which must be there before we can think of 
any economic process. Only two parameters of (1) remain, viz. the net 
savings rate s* determining the basic growth paths and the balanced-growth 
net output/capital ratio 6*. Of these two the former must be thought of 
as preceding causally the latter one, since investment (^saving) decisions 
must precede the production process which has to take place before the 
productivity of capital can get any definite value, for instance 6’*'. 

It follows that the relation 



(19.2) 



h' 



n — p/cr 



obtained by solving (1) for 6*, can be interpreted as a causal relation, the 
causes being on the right-hand side and the effect on the left-hand side. 
In the present theory both the nominator and the denominator have to be 
positive (cf.(13.20)): 



(19.3) 



n — p/cr >0, s* — P/a > 0. 



2. The existence of the growth effects of savings rate. From (2) 
and (3) it follows that, against common belief, the savings rate has growth 
effects^ viz. negative ones: 



(19.4) 



db* _ b* ^ 0 
ds* ~ (s* - /?/<t) ^ ds* 



P 




0 . 



Here the balanced- growth equation for the growth of capital, A = has 
been again used. 

For the growth rate e* of the employment E ^ hxj;/k and the growth 
rate p’*' = A — of the productivity of labour W = Y/ E we get similarly, in 
view of (13.6) and (4): 



(19.5) 



de* 

ds* 



l-P 

1 — /? + K 



dx 

ds* 



< 0 , 



ds* 



( 



K 

1 — /? H- AC 




0 . 



Thus the following theorems are valid in the present theory: 




THE GROWTH AND STABILITY EFFECTS OF SAVINGS RATE 119 



Theorem I. In a period during which the economy follows the ordinary 
Growth Type 1 an increase in the level of the net savings rate causes a 
decreeise in the level of the productivity of capital and in the levels of growth 
rates of output, employment and the productivity of labour. 

In other words: In a period during which the economy follows the or- 
dinary Growth Type 1 an increase in the level of the net consumption rate 
causes an increase in the level of productivity of capital and in the levels of 
growth rates of output, employment and the productivity of labour. This is 
the good news. 

However, the stability of the system decreases when the parameter a* 
increases, as was shown in Section 14. This takes place when the net savings 
rate decreases, that is, when the net consumption rate increases, since we 
have: 

(19.6) = 

This gives the bad news: 

Theorem 2. By increasing the net consumption rate one can raise the 
growth rate of the mentioned economic variables, but simultaneously the 
stability of the economic system falls off. 

It follows that we have to choose between 1) raising the growth rates 
of output, employment and the productivity of labour while decreasing the 
stability of the economic system and 2) reducing the mentioned growth rates 
while increasing the economic stability. In economic policy this means that a 
good balance, suitable for each economic situation, has to be found between 
the good and bad consequences in each case by means of trade-off between 
growth and stability. Let it be remarked that stability cannot be neglected 
in this equation, since increasing instability means losing the govern ability 
of the economic process. 



3. An empirical test. The study of the Solow material in Section 13 
left us to a situation in the U.S. economy toward the end of the 1940s, in 
which the observed level of output/capital ratio had risen to the anomalous 
height of 1/2 (see Fig.l in Section 13). According to the OECD statistics 
published in 1985 (Patel and Soete,1985), the average annual growth rate 
of output/capital ratio (= productivity of capital) in the U.S. economy was 
— 1.9% in the period 1955-82. This gives 

(1 - .019)^^(.50) = .298 « .30. (period 1955-82) 

Thus the normal level of the productivity of capital (cf. Fig.l) was back in 
1982. 
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According to the same source (Patel and Soete, ibid.) the periods 1955- 
73 and 1973-82 show drastically different behaviour of the productivity of 
capital, its average annuel growth rates being 



(19.7) 




— .01 % (period 1955-73), 
-5.7 % (period 1973-82), 



respectively. This gives: 

ti973 = (1 - .0001)^®(.50) = .499, 
ii982 = (1 - .057)^(.499) = .295 « .30. 



Thus the level of output/capital ratio did not fall from 1955 to 1973 but 
started then to decline, falling between 1973 and 1982 to its normal value 
.30. 

Following the suggestions made in paragraph 2 above, we can search for 
an explanation of the fall observed in the period 1973-82 in terms of an 
increasing level of savings rate in the U.S. economy. For this purpose we 
need some statistics about the behaviour of the growth rate of output in 
the U.S. economy during this period, given by the OECD 1990 statistics 
(OECD, 1990) reported in Table 10. 



Table 10. ~ Growth Rates of Output in U.S. Economy 1973-82. 



Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 

A% 5.2 -.5 -1.3 4.9 4.7 5.3 2.5 -.2 1.9 -2.5 



Hence we calculate the average annual rate of decline in the growth rate of 
output in the period 1973-82: 



(19.8) 




1 1981 / 

? s ■ 

^ n=1973 ^ 



^n+1 






- 1 . 8 %. 



The numbers —5.7% and —1.8% in the equations (7) and (8), respectively, 
are the empirical observations to be compared with theory. 

The period 1973-82 will be taken to be one of Growth Type 1. Hence 
there must be, according to the present theory, 6 = 6*, where 6* is the 
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balanced-growth output/capital ratio. For the average annual rise in the 
level of the net savings rate, now represented by the balanced-growth net 
savings rate s*, we get from (7) and ( 8 ): 



(19.9) 




= -1.8% + 5.7 % = +3.9%. 



This value, derived from the observed values —1.8% and —5.7%, can also 
be considered as empirically given. The question is: can the two empirical 
values ( 7 ) and ( 8 ), and accordingly the value ( 9 ) deduced from them, be 
derived from the present theory, i.e. from the theoretical equations (4)? 

The equations (4) first give: 



(19.10) 

(19.11) 



b* 

A 

A 



6 * 

\ 

A 




\s* - p/ a J s*’ 

( \s* 

W-P/a) s*' 



Since 1.8 is roughly half of 3.9 and 5.7 is roughly equal to 1.5 times 3.9, the 
theoretical equations ( 10 ) and ( 11 ) give correctly the orders of magnitude of 
the observed values, if the conditions 



can be satisfied by some values s and a, which when inserted for s* and a in 
(12) give the annual averages av {A) and av (5). To satisfy (12) these values 
must obey the equation 
(19.13) sa = 3l3. 

Which can be those values? Taking into account that the value s* from 
1973 to 1982 increases according to the law 

^1982 = (1*039)^(81973) = (1.411)81973, 



the value 81973 = .13 for instance gives 81932 = .18. Taking the value 8 = .15 
near the average between .13 and .18, and the value d = 5 , the condition 
(13) is satisfied with the usual capital’s share /? = .25. These values of 
parameters are realistic enough. 

It then follows from (10), (11) and (12) that the theoretical predictions 
for the annual averages of A/ A and b/b are the following: 



(19.14) 



A 

A 



theor 



1 . 95 % and 



51 ) 

^ / theor 



-5.85%. 
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Compared with the observed values —1.8% and —5.7%, respectively, the 
predictions are not too bad. Thus the present theory of the growth effects of 
savings rate can give a causal explanation of the observed decreases in the 
level of output and in the level of the productivity of capital, at least as far 
as the orders of magnitude are concerned. 

Let it be remarked that the inverse proportionality of savings rate and 
the risk aversion coefficient in the condition (13) is natural indeed: the higher 
the rate of investment (=savings rate), the lower the aversion to risk taking 
tends to be. 

4. The slowdown of the growth of labour productivity in the 
long run. There is also an important economic effect due to the usual 
decrease in the rate of investment s* in the long run: this rate tends to be 
smaller in the most advanced countries, in which economic growth has a long 
history, when compared with countries having a shorter history of growth. 

The present theory of growth is to my knowledge the only existing growth 
theory, in which the slowdown in the rate of growth of labour productivity is 
a direct consequence of the corresponding slowdown in the rate of investment. 
Indeed it follows from (12.6) and (13.5)-(13.6) that the productivity of the 
labour force E* = h*a*/k on the balanced growth path is given by 

(19.15) = exp («/(!-/?)],,. 

It follows that 

d{Y*)/E^) _ y*(0)A:(0)/?6^ / (t- 1 ^ k 

ds* h*(0)a*a(s* — j3/a) \ a* ! — /? + « 

Thus the slowdown of the rate of investment implies the slowdown in the rate 
of growth of labour productivity in the long term, i.e. in the most advanced 
countries, which has been observed e.g. in the yearly growth rates of the 
different OECD countries as given by Penn World Table, Mark 5.6. 
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AN ALTERNATIVE VISION OF THE STOCHASTIC 
ELEMENT IN THE BUSINESS CYCLES 

20. Stochastic Shocks as Perturbations Superposed 
upon the Basic Business Cycles 

1. Are the business cycles purely stochastic processes? Stochas- 
tic shocks do not essentially influence the long-term economic development. 
This is an accomplished fact in current growth theories (of Solow and Lucas, 
for instance). But ever since an important paper of the Russian mathe- 
matician Eugen Slutsky from the year 1927 was translated and published 
in English in a completed form (Slutsky, 1937), the economists have been 
fascinated by the idea that the business cycles may be purely stochastic pro- 
cesses. This would surely account for the ragged outlook of most economic 
time series. What Slutsky showed, however, was something more, viz. that 
random series are capable of forming cyclic phenomena. In fact this follows 
already from the symmetry of the Gauss curve around the mean of the series, 
and the effect can be made more visible by summations of certain sequences 
in a random series. 

The idea is today applied in economics typically by multiplying the pro- 
duction function by a random variable, which undergoes, say, a Markov pro- 
cess. The values of this variable form a random series, each member of which 
is called a ” technological shock”. Such a stochastic production function is 
then treated just like a deterministic production function in the optimization 
process described in Section 10. It is this kind of treatment that underlies 
each of the stochastic shock models of business cycles mentioned in Section 
15. The so produced oscillations of output and other economic variables 
around a trend, a usually loglinear one, are then considered as models of the 
business cycles, with the results quoted in Chapter 15. 

What seems questionable to the present author in the method just de- 
scribed is that economic agents are supposed to react to the shocks: this idea 
is of course involved in the maximization of utilities which already include 
the stochastic shock variables. So far as the business cycles are thought to 
be produced mainly by the shocks, no other method of constructing the cy- 
cles seems to be available. However, isn’t it too much to expect that all the 
economic agents are capable of reacting rationally to the shocks? Wouldn’t 
it be more natural to assume that the agents react to the trends, observable 
over a certain interval of time, rather than to the irregular shocks? 




124 AN ALTERNATIVE VISION OF THE STOCHASTIC ELEMENT 



In the theory of the Basic Business Cycles, which is nonstochastic, we 
can easily realize the latter situation. We already have the ’’cycles”. What 
we need is to complete the theory by superposing upon the Basic Cycles the 
technological (or other) shocks, since the latter too surely appear in the real 
world. This is a problem different from that met with in the usual stochastic 
models of the business cycles. In the theory of the BBC the shocks have a 
minor function: they appear only as perturbations on the nonstochastic 
Basic Cycles. How much do such shocks affect the correlations and standard 
deviations of economic variables over detrended cycles: this is the problem 
that will be illuminated here by means of an example. 

In this purpose technological shocks of the usually applied size will be 
superposed upon the Basic Business Cycles in order to see how great is their 
influence on correlations and standard deviations. In the example to be given 
in Section 121 such shocks give only a minor contribution to the results 
obtained in Section 15 by means of the nonstochastic BBC. For instance, 
the technological shocks account only 10 % of the variance of output over 
detrended business cycles, while the theory of the Basic Business Cycles 
accounts for the rest 90 %. But first we have to construct the shocks. 

2. The production of random series with a definite mean and 
standard deviation. We can construct a random series in many ways. 

Here the following method is used. Take the seven first decimals of two 

irrational numbers, say tt — 3 and y/S — 1. Multiply each of the so obtained 
two numbers from the interval [0,1] by a prime number, say 317. Take only 
the decimal part of each product. Multiply them again by 317 and take the 
decimal parts. Go on until you have in both series 305 numbers belonging 
to the interval [0,1]. We can name them: let they represent the two random 
variables ui and U 2 , with a constant distribution in the interval [0,1]. 

Hence we can proceed by constructing the new random variables 

xi = ^21og(l/ui) sin27TU2, 

X2 = log(l/tii) COs27TU2. 

The number series constructed in this way give two variables with the normal 
distribution N(0, 1). Random variables having a normal distribution with 
any desired means and standard deviations are then given by 

Zl = /il 4- CriXi, Z2= ^2 + CT2X2. 

This is a quick method of getting two random series with given means 
and standard deviations. Here we shall need only one of them, say zi. The 
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random series U{ and Zi, each of them including 305 numbers, are given in 
Appendix 2. Also the value of the ordinary cycle function Qy = f3(w — 6*) 
at the points of time tn = (.2)n for n = 0, 1, 2, 304 are given there. These 
times correspond to an approximate division of the full cycle of the function 
w — b* in equal intervals having the length of .02 in terms of the theoretical 
time unit [TU] (for this time unit see Section 15 paragraph 4). 

3. How the technological shocks affect each economic variable? 
It is usual in current shock models of business cycles to assume a technolog- 
ical shock variable with a lognormal distribution having the mean one. The 
multiplication of a given output Y by such a stochastic factor is equivalent 
to adding to the growth rate of y a random variable of the type 2 , with the 
mean zero. Let us call it zy and identify it with the variable z\ constructed 
above. This gives 

( 20 . 1 ) ZY = crixi, 

with a standard deviation ai to be chosen later. 

To consider the effects of technological shocks on the consumption C and 
the investment / we have to study the expressions indicating the relations 
of their growth rates with that of output: 



, i 

C 1-s y’ 




The shock variables of these economic variables must obey the same equa- 
tions: 

zc = zi^s + zy, zi = Zs + zy. 

With the approximation 

£ = -}—l ( 

s s \ I — s ) s* [ 1 — s J 



and assuming no consumption shocks, zc = 0, this gives: 







Zl-s- 



Accordingly we have: 



zc = 0, 



zj = 



1 



■ S* CTi 

—zy + zy = — xi. 



( 20 . 2 ) 



s 
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To find the influence of shocks upon the employment E and the produc- 
tivity of labour W we have to discuss the production function (12.12) when 
written for the growth rates. In view of (12.17) this reads: 

Y ~ + (1 - /? + «)~ - (1 - P)m. 

It follows that we have to put: 



= I3zk + (1 - /? + K)zh - (1 - f3)m. 



Here we have to decide to which extent we shall now assume the tech- 
nological shocks to be caused by shocks in physical capital (e.g. new oil 
fields found, or old ones closed, or oil price changed) and to which extent 
we suppose they are due to shocks in human capital (e.g. new methods of 
production discovered). For the sake simplicity we can make the assumption 



that 

(20.3) 



ZK = 0 , 



thus 



crixi (1 - /?)m 

1 — /3 + K 1— /?+K* 



This gives, since E = hot" jk (in the Growth Type 1) and W = Y jE'. 



(20.4) 



ZE = 



\ — (3 + K 



Km 



zw = zy — ZE‘ 



The stochastic shock variables (l)-(4) have to be added to the corre- 
sponding cycle functions Qx- This gives the stochastic economic variables 
we need: 

(20.5) = Qy + crixi, Cst = Qc = -Qy, Ist = Qi + ^, 

a s* 

( 20 . 6 ) E,t = QE + T-^^^-T-^^^^,Wst = Yst-Est. 

1 - 13 + K 1 — 13 + K 

We can call these functions Xst the stochastic cycle functions. Note that 
in the expression for Cst fhe symbol a of course means the risk aversion 
coefficient, not a standard deviation (to make the distinction clear the latter 
are always equipped with a subscript). 
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13. The Final Result: Both the Stochastic and Nonstochastic 
BBC Versions Predict Better Than Any of the Models 
Based On Stochastic Optimization 

1. Correlations and variances of stochastic cycle functions over 
a cycle: the formulae. By inserting the ordinary cycle functions given 
by the equations (14.25), (14.28)-(14.31) in the stochastic cycle functions 
(20.5)-(20.6) we can easily deduct the following formulae for the variances 
of these stochastic variables over a detrended cycle; 

: CTy + 2o-icov(a;i,Qy) + crp, 



(21.1) 


<^y,t 


(21.2) 




(21.3) 




(21.4) 




(21.5) 




For their 


(21.6) 


cov( 



O’? 






cr^ + (2Bcri/s*)cov(a:i,Qy) + (tri/s*)^, 
with B = 

2o-i(l-s*) 



O’! + 



cov(a:i,Qy) 



-( 



L(1-/?+k)2J 

2aiPb* \ , ( o-j 

rr^jcov(.,,s-s)+(^^^-^J , 



— 2 cov(£'st, Vst). 



(21.7) cov{EsuY,t) = cov(xi, Q y) 

(21.8) cov(l^,t,n() = (7?^, - cov(E,t,y,t). 

For the consumption C, to which no shock variable is attached, we get 
directly the correlation: 

cov(a;i,Qy) 



(21.9) 



= h O’!- 



<^YCry,, 



2. Preliminary steps of calculation, fij. The first term in each of 
the equations (l)-(4) and (6)-(7) is the variance or covariance, respectively. 
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of the corresponding nonstochastic variable in Growth Type 1. We can take 
their numerical values directly from the calculations made in Section 15. 

(iij.ln the same way we get the numerical values of the constants 

tr = 2.2916666, S = 4.7702278, = .13, !-/?+« = 1.167, /? = .25, 6* = .3. 

(Hi). The computation o/ cov(xi , Qy). Here we must first of course 
construct the random series xi as well as the corresponding series of the 
values of the cycle function Qy = /3{w—b*). The latter can be constructed on 
the basis of the equation (14.5). When written for the initial value w(0) = b* 
of the output/capital variable, this equation reads: 

/•01 in\ a*t /2 /• 

(21.10) Qy = -e ' • 4 (f l {s\nujt)xo. 

Here the unknown initial state s(0) — s* has been denoted by Xo, and the 
constants, again obtained directly from Section 15, have the values: 

a’^ = .036, /? = .25, a; = .1034851, a = 7.0967745. 

To match the values of Qy with the series xi the length T = 27r/a; of a 
period of its cycle (in theoretical time units) must be divided in 304 equal 
intervals. Since T = 60.715844 this gives the following series of time points: 

(21.11) tn = {•2)n with n = 0, 1, 2, ..., 304. 

The values of Qy at these points of time are easily computed by means of 
the formula obtained by inserting (11) and the above values of constants in 
the equation (10), which gives: 

(21.12) Qrin) = (-.217421) e(0036)n sin(1.1858519n)°x„. 

Here the angle has been already transformed to degrees. Both series Qy(n) 
and xi(n) are given in Appendix 2. The series of xi(n) is long enough to 
bring the mean very close to its expectation value zero, and we can compute 
the covariance by using the formula 

j 304 

(21.13) cov(xi, Qy) = xi{n)QY{n) = -(.0242242) x^. 




THE FINAL RESULT 



129 



(iv). The computation ofcov{x\,s — s*). Here we can shorten the calcu- 
lation by using the formula 

(21.14) »-»• = + 

A = .8696843, R = ^osLot, 

obtained from (14.4) and (14.5). Appendix 2 gives also the series i2(n) for 
n = 0, 1,2, ...,304 needed in this computation. We compute first; 

j 304 

(21.15) cov{xi, Rxo) = ^ xi(n)i2(n)xo = (—.0107423) Xq. 

n=0 

Combining the results (13)-(15) we then get: 

(21.16) cov(xi, s — s*) = (—.0301217) Xq. 

3. Calibration. To tell what there is to be calibrated we need to know 
how far can take us the numerical knowledge we already have. After the 
above preliminary calculations we can give the numerical expressions, where 
only two unknown constants appear, viz. the standard deviation cri of the 
random variable zi and the initial state x^ of the cycle function Qy(s,ui): 

(21.17) = (.0784541) x^ - (.0484484) <rix<, -|- o-?, 

(21.18) — = (6.944552) x„, rc„,n. = (15.914585) x„ 
ay 

-(4.9139279)0-1, 

(21.19) = (1.7865789) x^ - (1.7784393) aix^ + (59.171597) (r?, 

(21.20) = (.0398651) - (.027632) (Tix^ + (.7342742) o-?, 

(21.21) o-^^^ = (.017479) xj - (.0023186) o-ix^ -b (.8773762) o-?. 

The remaining expressions of covariances are: 

(21.22) cov(/,t,y,f) = (.3743856)xJ- (.3019385)0-1X0 

-t-(7.6923076)o-?, 

(21.23) cov(£;,t,nt) = (.0504201) x2 - (.0368809) o-ixo 

-t-(.856898)o-?, 

(21.24) cov(py,<,nt) = (.028034)x?- (.0115675)0-1X0 

-b(. 143102)0-?. 
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To calibrate as close to empirical values as possible, we first of course 
choose the standard deviation of the stochastic output variable Yst lo be 
equal to the observed standard deviation, which in the U.S. economy used 
as empirical comparison in the stochastic optimization models is .0176. The 
same calibration was of course used in those stochastic optimization models 
(of Kydland and Prescott, Hansen and Rogerson, and Danthine and Don- 
aldson). 

According to Hansen (1985, p.320), ” A data analysis suggests that [the 
standard deviation of the technological shock] could reasonably be expected 
to lie in the interval [.007, .010].” To keep as close as possible to the choices 
made in the stochastic optimization models, with whose results the outcome 
of the BBC approach will be compared here, the exact Hansen- Rogerson 
value Cl = .00712 is chosen here for the constant <ti. Thus the technological 
shocks here applied are of the size of the Hansen shocks. 

Thus we have the following calibration: 

(21.25) = .0176, ai = .00712. 

These values give, in view of (17): 

(21.26) = .0597035. 

4. The small but not negligible effect of shocks. After this cali- 
bration we can first find out which proportions of the standard deviation of 
output are explained by the nonstochastic and stochastic BBC approaches, 
respectively. We get: 

(21.27) ay = (.2800967)^0 = .0167227 = 95% of .0176, 

leaving only 5% of the empirical value .0176 to be explained by the techno- 
logical shocks. This corresponds to 10% of the variance of output. 

By inserting the values (25) and (26) in the expressions (18)-(24) we 
get the other numerical predictions given by the stochastic BBC-approach. 
They are compared in Table 11 with the numerical predictions of the non- 
stochatic BBC approach given in Section 15. We can see that the shocks 
have contributed little to the predictions of the BBC approach, with the 
exception perhaps of the standard deviation of investment. But even the 
change in this case is in terms of precentages only 10% (see the next page). 
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Table 11. Standard Deviations and Corrrelations Over a Cycle 
Predicted by the Nonstochastic and Stochastic BBC. 





Standard deviation 
proportions : 


Correlations 
with output 




Variable 


BBC 


BBCst 


A% 


BBC 


BBCst 


A% 


Output 


1.00 


1.00 


— 


■sa 


1.00 


— 


Investment 


4.77 


5.27 


10% 


mm 


.98 


2% 


Consumption 


.44 


.41 


7% 




.92 


8% 


Employment 


.71 


.73 


3% 


B9 


.91 


0% 


Productivity 


.47 


.45 


4% 


■Q 


.74 


4% 



5. The final result in numbers: Table 12. The sums of error squares 
show that both BBC versions, with or without shocks, do far better than 
the Danthine>Donaldson,Hansen-Rogerson or Kydland-Prescott models in 
standard deviations and clearly better also in correlations. 

Table 12. The Prediction Success of the BBC Versions As 
Compared With That of Stochastic Optimization Models. 

Standard deviation proportions: 



Variable 


BBC 


BBCst 


D-D 


H -R 


K -P 


empirical 


Investment 


4.77 


5.27 


3.45 


3.24 


3.07 


4.89 


Consumption 


.44 


.41 


.19 


.29 


.25 




Employment 


.71 


.73 


.72 


.77 


.68 




Productivity 


.47 


.45 


.35 


.28 


.40 


M 




.1961 


.3393 


2.5185 


3.1071 


3.6933 





Correlations with output: 



V ariable 


BBCst 


BBC 


K-P 


H -R 


D-D 


empirical 


Investment 


.98 


1.00 


.86 


.99 


.99 


M 


Consumption 


.92 


1.00 


.85 


.87 


.69 


M 


Employment 


.91 


.91 


.95 


.98 


.98 


M 


Productivity 


.74 


.77 


.86 


.87 


.91 


M 




.1334 


.1739 


.2333 


.2562 


.3190 





6. The final result illustrated: Figures 9 and 10. The lines of 
the predictions of the BBC versions follow — at a certain distance — the 
empirical line, those of the other models together stray off that line (see 
pictures on the next pages). 
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Figure 9: Standard Deviation Proportions. 

Two Distinct Patterns Appear: The Predictions of the BBC, 
Both Stochastic {BBCst) and Nonstochastic {BBC), Follow the 
Pattern of Empirical Values, While Those of the Stochastic 
Optimization Models Together Stray Off From Those Values. 
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1 C E W 



Figure 10 : Correlations With Output. 

Again Two Patterns Appear: The Predictions of Basic Business 
Cycles, Both Stochastic {BBCst) and Nonstochastic {BBC), Fol- 
low — AT A Certain Distance — the Pattern of Empirical Values, 
While Those of the Stochastic Optimization Models Together 
Stray Off From Those Values. 
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7. Final comments. There are three of them: 

1. There can be no doubt about the testimony given by Figures 9 and 10 
and, in a numerical form, by Table 12. They confirm the success of the theory 
of Basic Business Cycles in the prediction of what is generally considered as 
the essential available data on business cycles, viz. standard deviations and 
correlations with output of economic variables over a detrended cycle. In 
particular, these Figures and that Table add to the evidence given in Sections 
15 and 17 the important point that the BBC theories , both the stochastic 
and nonstochastic versions^ predict clearly better than the current models 
constructed by the method of stochastic optimization. 

2. These results thus give the strongest evidence, possible with the so 
far available data, for the decisive influence of nonmaterial values also upon 
the business cycles, and not only upon economic growth. The decisive effect 
of the pursuit of cognitive innovations, also without any material rewards 
(e.g. in science), upon economic growth is obvious and widely recognized. 
But the most important nonmaterial values, like individual freedom and 
the pursuit of knowledge, can be represented only by unbounded utility 
functions, of which the general theory constructed in Sections 12,13 and 14 
gives an example. It follows that in macroeconomic theory we must have 
two levels. First of them operates with the (always finite) material values 
and bounded utility functions. This level of macroeconomics is reducible 
to microeconomics, and represents the level on which the economic game 
is played in the short run. This, in other words, is the macroeconomics as 
understood in economics today. The long-term development, however, is 
dominated by nonmaterial values expressing the long-term human pursuits 
of ever larger individual freedom and ever greater objective konwledge of 
the world we are living in. This accordingly is the suggested new level of 
macroeconomics on which nonmaterial values are the decisive ones. 

3. The gap that still remains between the empirical estimates and the 
values predicted by the BBC theory may be just a result of the use of linear 
approximation of the nonlinear equations (12.27) in calculations, and also 
of the corresponding linear approximations of the cycle functions. Only a 
numerical computer solutions of the nonlinear equations and nonlinear cycle 
functions could settle this question. But no theory ever invented can explain 
everything. Even supposing that the true nonlinear solutions of the BBC 
equations and cycle functions will bring the predictions still closer to the 
empirical data, there will always be plenty of room for other and better 
future theories to come. 
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App6ncilX 1; The Dependence of Predicted 
Anomalous Correlations on Savings Rate. 



Table 13. 

The Predicted Anomalous Output Correlations 
OF Consumption and Investment.^ 



X 


rCY 


riY 




.11 


.13 


.15 


.11 


.13 


.15 


.0000 


-.784 


-.786 


-.785 


1.000 


1.000 


1.000 


.0005 


-.701 




-.456 








.0006 


-.680 




-.340 




+.886 


+ .911 


.0010 


-.575 


-.386 




+.946 


+.786 


+ .654 


.0011 




-.316 










.0012 s 


-.490 




+ .527 






+ .486 


.0013 


-.471 




+ .571 






+ .460 


.0014 






+ .641 






+ .417 


.0015 


-.389 


+.008 


+ .706 




+.584 


+ .384 


.0020 


-.141 


+.398 


+ .868 


+.754 


+.372 


+ .338 


.0023 










+.284 




.0025 




+.652 


+ .929 




+.245 


+ .375 


.0030 


+.382 


+.789 


+ .956 


+ .476 


+.200 


+ .425 


.0033 


+ .501 












.0035 


+.572 






+.369 






.0040 


+.699 




+ .979 


+ .298 


+.216 


+ .507 


.0050 


+ .838 


+.948 


+ .987 


+ .230 


+.265 


+ .560 


.0060 


+.903 












.0075 


+.947 




+ .995 


+.219 


+.362 


+ .630 


.0100 


+.974 


+.990 


1.000 


+.247 


+.417 


+.662 



^Only the C— and /—points marked in Figures 11 and 12, respectively, are indicated in 
Table 13, The numbers .11, .13 and .15 are the chosen values for the savings rate parameter 
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Table 14. 

The Predicted Anomalous Output Correlations 
OF Employment and Productivity.^ 



X 


teY 


rwY 




.11 


.13 


.15 


.11 


.13 


.15 


.0000 


1.000 


1.000 


1.000 


1.000 


1.000 


1.000 


.0005 


+.997 


+.994 


+ .978 


+.675 


+.404 


+.067 


.0006 






+ .963 






+ .025 


.0008 








+.278 




+ .085 


.0010 


+.986 


+.963 


+.863 


+.108 


-.009 


+ .229 


.0011 




+.952 










.0012 




+.939 










.0012 s 






+ .810 


-.003 






.0013 






+ .804 








.0014 






+ .795 








.0015 




+.891 


+.791 


-.043 


+.086 


+ .523 


.0017 s 


+.938 






-.037 






.0020 


+.912 


+.769 


+ .806 


-.000 


+.323 


+ .645 


.0025 


+.850 


+.763 


+.831 




+ .451 




.0030 




+.757 






+.547 




.0035 


+.750 




+.864 


+.370 




+ .743 


.0040 


+.732 


+.783 


+ .874 


+.454 


+.639 




.0045 


+.728 












.0050 


+.733 


+.810 


+ .887 


+.555 


+.680 


+ .744 


.0075 


+.779 


+.848 


+ .894 


+.649 


+.720 


+ .775 


.0100 


+.810 


+.865 


+ .910 


+ .681 


+.735 


+ .789 



*Only the E- and IK— points marked in Figures 13 and 14, respectively, are indicated in 
Table 14. The numbers .11, .13 and .15 are the chosen values for the savings rate parameter 
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Figure 11. 

An Illustration of the Dependence of the Anomalous Output 
Correlation of Consumption on the Savings Rate Parameter. 
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.001 .002 .003 .004 .005 .006 .007 .008 .009 



Figure 12. 

An Illustration of the Dependence of the Anomalous Output 
Correlation of Investment on the Savings Rate Parameter. 



A.pp6ndlX 2 2 Numerical Tables 



Table 15. 

The Random Series u,(n) and a:i(n), and the Corresponding 
Values of the Functions Qy/xo and 



n 


ui(n) 


U2(n) 


xi(n) 


Qy{n)/xo 


R{n) 


0 


.1415926 


.7320508 


-1.9647102 


.0000000 


1.0000000 


1 


.8848542 


.0601036 


.1823869 


-.0045158 


1.0033915 


2 


.4987814 


.0528412 


.3844457 


-.0090623 


1.0063630 


3 


.1137038 


.7506604 


-2.0852436 


-.0136377 


1.0089105 


4 


.0441046 


.9593468 


-.6312724 


-.0182400 


1.0110295 


5 


.9811582 


.1129356 


.1270773 


-.0228676 


1.0127159 


6 


.0271494 


.8005852 


-2.5511509 


-.0275184 


1.0139661 


7 


.6063598 


.7855084 


-.9754896 


-.0321907 


1.0147761 


8 


.2160566 


.0061628 


.0677678 


-.0368825 


1.0151426 


9 


.4899422 


.9536076 


-.3432899 


-.0415918 


1.0150621 


10 


.3116774 


.2936092 


1.1266953 


-.0463168 


1.0145315 


11 


.8017358 


.0741164 


.2985173 


-.0510554 


1.0135476 


12 


.1502486 


.4948988 


.0623949 


-.0558056 


1.0121079 


13 


.6288062 


.8829196 


-.6464034 


-.0605654 


1.0102093 


14 


.3315654 


.8855132 


-.9790354 


-.0653328 


1.0078497 


15 


.1062318 


.7076844 


-2.0432002 


-.0701057 


1.0050266 


16 


.6754806 


.3359548 


.7597361 


-.0748820 


1.0017381 


17 


.1273502 


.4976716 


.0296999 


-.0796597 


.9979820 


18 


.3700134 


.7618972 


-1.4061796 


-.0844366 


.9937568 


19 


.2942478 


.5214124 


-.2098076 


-.0892107 


.9890610 


20 


.2765526 


.2877308 


1.5584978 


-.0939797 


.9838931 


21 


.6671742 


.2106636 


.8723315 


-.0987416 


.9782521 


22 


.4942214 


.7803612 


-1.1657046 


-.1034941 


.9721372 


23 


.6681838 


.3745004 


.6369640 


-.1082352 


.9655475 


24 


.8142646 


.7166268 


-.6270039 


-.1129625 


.9584825 


25 


.1218782 


.1706956 


1.8022195 


-.1176740 


.9509419 



^For the construction of the random series see Section 20 paragraph 2; for the functional 
expressions of Qy and R see the equations (21.10) and (21.14), respectively. 
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n 


ui(n) 


U2(n) 


xi(n) 


QY{n)/xo 


R{n) 


26 


.6353894 


.1105052 


.6093982 


-.1223675 


.9429256 


27 


.4184398 


.0301484 


.2485553 


-.1270407 


.9344338 


28 


.6454166 


.5570428 


-.3282650 


-.1316913 


.9254668 


29 


.5970622 


.5825676 


-.5035684 


-.1363172 


.9160251 


30 


.2687174 


.6739292 


-1.4394879 


-.1409162 


.9061096 


31 


.1834158 


.6355564 


-1.3857575 


-.1454860 


.8957209 


32 


.1428086 


.4713788 


.3528892 


-.1500244 


.8848606 


33 


.2703262 


.4270796 


.7154284 


-.1545291 


.8735298 


34 


.6934054 


.3842332 


.5689930 


-.1589979 


.8617303 


35 


.8095118 


.8019244 


-.6158205 


-.1634286 


.8494639 


36 


.6152406 


.2100348 


.9547266 


-.1678190 


.8367325 


37 


.0312702 


.5810316 


-1.2831537 


-.1721668 


.8235386 


38 


.9126534 


.1870172 


.3945056 


-.1764696 


.8098847 


39 


.3111278 


.2844524 


1.4924406 


-.1807255 


.7957732 


40 


.6275126 


.1714108 


.8500693 


-.1849320 


.7812074 


41 


.9214942 


.3372236 


.3451510 


-.1890871 


.7661905 


42 


.1136614 


.8998812 


-1.2270501 


-.1931884 


.7507256 


43 


.0306638 


.2623404 


2.6320198 


-.1972337 


.7348164 


44 


.7204246 


.1619068 


.6889139 


-.2012211 


.7184669 


45 


.3745982 


.3244556 


1.2507874 


-.2051480 


.7017345 


46 


.7476294 


.8524252 


-.6101264 


-.2090125 


.6844630 


47 


.9985198 


.2187884 


.0533864 


-.2128123 


.6668175 


48 


.5307766 


.3559228 


.8853319 


-.2165453 


.6487490 


49 


.2561822 


.8275276 


-1.4584093 


-.2202095 


.6302628 


50 


.2097574 


.3262492 


1.5683945 


-.2238024 


.6113638 


51 


.4930958 


.4209964 


.5663474 


-.2273223 


.5920575 


52 


.3113686 


.4558588 


.4182644 


-.2307670 


.5723494 


53 


.7038462 


.5072396 


-.0381095 


-.2341342 


.5522454 


54 


.1192454 


.7949532 


-1.9805970 


-.2374222 


.5317515 


55 


.8007918 


.0001644 


.0006885 


-.2406288 


.5108740 


56 


.8510006 


.0521148 


.1827011 


-.2437519 


.4896195 


57 


.7671902 


.5203916 


-.0930239 


-.2467897 


.4679945 


58 


.1992934 


.9641372 


-.4013022 


-.2497401 


.4460059 


59 


.1760078 


.6314924 


-1.4452538 


-.2526012 


.4236610 


60 


.7944726 


.1830908 


.6192787 


-.2553711 


.4009669 
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n 


ui(n) 


U2{n) 


xi(n) 


Qy{ri)/xo 


R{n) 


61 


.8478142 


.0397836 


.1421450 


-.2580479 


.3779312 


62 


.7571014 


.6114012 


-.4805603 


-.2606297 


.3545617 


63 


.0011438 


.8141804 


-3.3853679 


-.2631149 


.3309236 


64 


.3625846 


.0951868 


.8020293 


-.2655014 


.3068532 


65 


.9393182 


.1742156 


.3144772 


-.2677875 


.2825306 


66 


.7638694 


.2263452 


.7258813 


-.2699717 


.2579071 


67 


.1465998 


.7514284 


-1.9595377 


-.2720519 


.2329914 


68 


.4721366 


.2028028 


1.1716657 


-.2740268 


.2077926 


69 


.6673022 


.2884876 


.8732286 


-.2758945 


.1823197 


70 


.5347974 


.4505692 


.3419233 


-.2776535 


.1565818 


71 


.5307758 


.8304364 


-.9848241 


-.2793023 


.1305886 


72 


.2559286 


.2483388 


1.6508835 


-.2808393 


.1043499 


73 


.1293662 


.7233996 


-1.9942463 


-.2822630 


.0778753 


74 


.0090854 


.3176732 


2.7932558 


-.2835719 


.0511748 


75 


.8800718 


.7024044 


-.4830387 


-.2847648 


.0242588 


76 


.9827606 


.6621948 


-.1588238 


-.2858402 


-.0028622 


77 


.5351102 


.9157516 


-.5647015 


-.2867967 


-.0301782 


78 


.6299334 


.2932572 


.9261041 


-.2876331 


-.0576782 


79 


.6888878 


.9625324 


-.2013715 


-.2883481 


-.0853514 


80 


.3774326 


.1227708 


.9731757 


-.2889407 


-.1131866 


81 


.6461342 


.9183436 


-.4587510 


-.2894094 


-.1411729 


82 


.8245414 


.1149212 


.4105582 


-.2897535 


-.1692990 


83 


.3796238 


.4300204 


.5924445 


-.2899716 


-.1975532 


84 


.3407446 


.3164668 


1.3412791 


-.2900630 


-.2259242 


85 


.0160382 


.3199756 


2.6015556 


-.2900265 


-.2544001 


86 


.0841094 


.4322652 


.9186701 


-.2898614 


-.2829691 


87 


.6626798 


.0280684 


.1591564 


-.2895665 


-.3116192 


88 


.0694966 


.8976828 


-1.3844398 


-.2891413 


-.3403383 


89 


.0304222 


.5654476 


-1.0564577 


-.2885851 


-.3691142 


90 


.6438374 


.2468892 


.9382331 


-.2878970 


-.3979346 


91 


.0964558 


.2683764 


2.1545009 


-.2870764 


-.4267868 


92 


.5764886 


.6488188 


-.8445187 


-.2861227 


-.4556587 


93 


.7468862 


.6755596 


-.6819377 


-.2850354 


-.4845374 


94 


.7629254 


.1523932 


.6015928 


-.2838140 


-.5134100 


95 


.8473518 


.3086444 


.5369349 


-.2824580 


-.5422640 
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n 


ui(n) 


U2(n) 


xi(n) 


QY{n)/xo 


R{n) 


96 


.6105206 


.8402748 


-.8378531 


-.2809672 


-.5710863 


97 


.5350302 


.3671116 


.8290528 


-.2793412 


-.5998639 


98 


.6045734 


.3743772 


.7121589 


-.2775796 


-.6285838 


99 


.6497678 


.6775724 


-.8340856 


-.2756825 


-.6572328 


100 


.9763926 


.7904508 


-.2115664 


-.2736495 


-.6857976 


101 


.5164542 


.5729036 


-.5083620 


-.2714806 


-.7142653 


102 


.7159814 


.6104412 


-.5227975 


-.2691758 


-.7426222 


103 


.9661038 


.5098604 


-.0162599 


-.2667352 


-.7708552 


104 


.2549046 


.6257468 


-1.1746033 


-.2641587 


-.7989508 


105 


.8047582 


.3617356 


.5032416 


-.2614466 


-.8268954 


106 


.1083494 


.6701852 


-1.8486685 


-.2585992 


-.8546758 


107 


.3467598 


.4487084 


.4609675 


-.2556167 


-.8822784 


108 


.9228566 


.2405628 


.3999986 


-.2524993 


-.9096898 


109 


.5455422 


.2584076 


1.0993503 


-.2492476 


-.9368962 


no 


.9368774 


.9152092 


-.1834148 


-.2458620 


-.9638843 


111 


.9901358 


.1213164 


.0972340 


-.2423432 


-.9906405 


112 


.8730486 


.4572988 


.1381351 


-.2386915 


-1.0171513 


113 


.7564062 


.9637196 


-.1688646 


-.2349077 


-1.0434032 


114 


.7807654 


.4991132 


.0039199 


-.2309925 


-1.0693825 


115 


.5026318 


.2188844 


1.1505976 


-.2269467 


-1.0950761 


116 


.3342806 


.3863548 


.9695100 


-.2227711 


-1.1204703 


117 


.9669502 


.4744716 


.0414073 


-.2184668 


-1.1455516 


118 


.5232134 


.4074972 


.6249222 


-.2140346 


-1.1703070 


119 


.8586478 


.1766124 


.4944212 


-.2094755 


-1.1947227 


120 


.1913526 


.9861308 


-.1582765 


-.2047908 


-1.2187860 


121 


.6587742 


.6034636 


-.5529849 


-.1999814 


-1.2424830 


122 


.8314214 


.2979612 


.5802661 


-.1950488 


-1.2658008 


123 


.5605838 


.4537004 


.3085919 


-.1899941 


-1.2810977 


124 


.7050646 


.8230268 


-.7495486 


-.1848187 


-1.3112481 


125 


.5054782 


.8994956 


-.6895942 


-.1795242 


-1.3333509 


126 


.2365894 


.1401052 


1.3089680 


-.1741117 


-1.3550230 


127 


.9988398 


.4133484 


.0249569 


-.1685831 


-1.3762514 


128 


.6322166 


.0314428 


.1879610 


-.1629399 


-1.3970237 


129 


.4126622 


.9673676 


-.2708938 


-.1571837 


-1.4173272 


130 


.8139174 


.6555292 


-.5319428 


-.1513164 


-1.4371500 
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n 


ui(n) 


U2{n) 


ii(n) 


Qy{ti)/xo 


R{n) 


131 


.0118158 


.8027564 


-2.8171779 


-.1453396 


-1.4564793 


132 


.7456086 


.4737788 


.1256681 


-.1392552 


-1.4753034 


133 


.3579262 


.1878796 


1.3256648 


-.1330653 


-1.4936100 


134 


.4626054 


.5578332 


-.4413322 


-.1267716 


-1.5113877 


135 


.6459118 


.8331244 


-.8103280 


-.1203763 


-1.5286238 


136 


.7540406 


.1004348 


.4433272 


-.1138815 


-1.5453078 


137 


.0308702 


.8378316 


-2.2458848 


-.1072893 


-1.5614277 


138 


.7858534 


.5926172 


-.3815810 


-.1006020 


-1.5769728 


139 


.1155278 


.8596524 


-1.6037189 


-.0938218 


-1.5919316 


140 


.6223126 


.5098108 


-.0600006 


-.0869510 


-1.6062935 


141 


.2730942 


.6100236 


-1.0271840 


-.0799921 


-1.6200477 


142 


.5708614 


.3774812 


.7369748 


-.0729475 


-1.6331838 


143 


.9630638 


.6615404 


-.2330583 


-.0658196 


-1.6456914 


144 


.2912246 


.7083068 


-1.5171801 


-.0586111 


-1.6575605 


145 


.3181982 


.5332556 


-.3139155 


-.0513246 


-1.6687814 


146 


.8688294 


.0420252 


.1384049 


-.0439626 


-1.6793442 


147 


.4189198 


.3219884 


1.1864906 


-.0365280 


-1.6892394 


148 


.7975766 


.0703228 


.2876013 


-.0290235 


-1.6984581 


149 


.8317822 


.2923276 


.5855960 


-.0214519 


-1.7069912 


150 


.6749574 


.6678492 


-.7711650 


-.0138161 


-1.7148298 


151 


.9614958 


.7081964 


-.2706210 


-.0061190 


-1.7219655 


152 


.7941686 


.4982588 


.0074272 


.0016363 


-1.7283902 


153 


.7514462 


.9480396 


-.2424499 


.0094470 


-1.7340958 


154 


.2084454 


.5285532 


-.3160103 


.0173100 


-1.7390746 


155 


.0771918 


.5513644 


-.7178531 


.0252222 


-1.7433191 


156 


.4698006 


.7825148 


-1.2036219 


.0331803 


-1.7468220 


157 


.9267902 


.0571916 


.1371281 


.0411813 


-1.7495768 


158 


.7924934 


.1297372 


.4963946 


.0492218 


-1.7515765 


159 


.2204078 


.1266924 


1.2427530 


.0572987 


-1.7528150 


160 


.8692726 


.1614908 


.4495705 


.0654085 


-1.7532860 


161 


.5594142 


.1925836 


1.0084550 


.0735479 


-1.7529839 


162 


.3343014 


.0490012 


.4486076 


.0817136 


-1.7519021 


163 


.9735438 


.5333804 


-.0482130 


.0899021 


-1.7500387 


164 


.6133846 


.0815868 


.4849238 


.0981100 


-1.7473857 


165 


.4429182 


.8630156 


-.9677559 


.1063337 


-1.7439396 
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n 


ui{n) 


« 2 (n) 


xi{n) 


Qy{ti)/xo 


R{n) 


166 


.4050694 


.5759452 


-.6174449 


.1145698 


-1.7396961 


167 


.4069998 


.5746284 


-.6059431 


.1228146 


-1.7346516 


168 


.0189366 


.1572028 


2.3512551 


.1310646 


-1.7288022 


169 


.0029022 


.8332876 


-2.9607997 


.1393161 


-1.7221451 


170 


.9199974 


.1521692 


.3336217 


.1475656 


-1.7146768 


171 


.6391758 


.2376364 


.9432710 


.1558094 


-1.7063954 


172 


.6187286 


.3307388 


.8564802 


.1640436 


-1.6972982 


173 


.1369662 


.8441996 


-1.6548154 


.1722648 


-1.6873836 


174 


.4182854 


.6112732 


-.8496997 


.1804690 


-1.6766499 


175 


.5964718 


.7736044 


-1.0054256 


.1886526 


-1.6650962 


176 


.0815606 


.2325948 


2.2255571 


.1968118 


-1.6527214 


177 


.8547102 


.7325516 


-.5569801 


.2049428 


-1.6395255 


178 


.9431334 


.2188572 


.3356612 


.2130418 


-1.6255077 


179 


.9732878 


.3777324 


.1616970 


.2211049 


-1.6106688 


180 


.5322326 


.7411708 


-1.1213703 


.2291284 


-1.5950095 


181 


.7177342 


.9511436 


-.2461035 


.2371084 


-1.5785304 


182 


.5217414 


.5125212 


-.0896486 


.2450409 


-1.5612331 


183 


.3920238 


.4692204 


.2630179 


.2529223 


-1.5431194 


184 


.2715446 


.7428668 


-1.6130788 


.2607486 


-1.5241901 


185 


.0796382 


.4887756 


.1585186 


.2685160 


-1.5044513 


186 


.2453094 


.9418652 


-.5988315 


.2762207 


-1.4839026 


187 


.7630798 


.5712684 


-.3184028 


.2838586 


-1.4625473 


188 


.8962966 


.0920828 


.2558835 


.2914260 


-1.4403913 


189 


.1260222 


.1902476 


1.8935711 


.2989190 


-1.4174366 


190 


.9490374 


.3084892 


.3018445 


.3063337 


-1.3936882 


191 


.8448558 


.7910764 


-.5614384 


.3136664 


-1.3691509 


192 


.8192886 


.7712188 


-.6257746 


.3209132 


-1.3438299 


193 


.7144862 


.4763596 


.1213514 


.3280701 


-1.3177307 


194 


.4921254 


.0059932 


.0448311 


.3351335 


-1.2908594 


195 


.0037518 


.8998444 


-1.9672033 


.3420994 


-1.2632223 


196 


.1893206 


.2506748 


1.8244359 


.3489642 


-1.2348259 


197 


.0146302 


.4639116 


.6534775 


.3557241 


-1.2056774 


198 


.6377734 


.0599772 


.3490188 


.3623752 


-1.1757840 


199 


.1741678 


.0127724 


.1498783 


.3689139 


-1.1451542 


200 


.8765046 


.5585468 


-.1846452 


.3753365 


-1.1137957 
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n 


ui(n) 


ii2(n) 


xi(n) 


QY{n)/xo 


i2(n) 


201 


.2111926 


.0488508 


.5328300 


.3816392 


-1.0817174 


202 


.9480542 


.4857036 


.0293007 


.3878185 


-1.0489282 


203 


.5331814 


.9680412 


-.2236924 


.3938706 


-1.0154374 


204 


.0185038 


.8690604 


-2.0705787 


.3997920 


-.9812549 


205 


.8657046 


.4921468 


.0264889 


.4055792 


-.9463910 


206 


.4283582 


.0105356 


.0861354 


.4112285 


-.9108557 


207 


.7895494 


.3397852 


.5809287 


.4167365 


-.8746604 


208 


.2871598 


.7119084 


-1.5346653 


.4220997 


-.8378161 


209 


.0296566 


.6749628 


-2.3631776 


.4273147 


-.8003344 


210 


.4011422 


.9632076 


-.3096823 


.4323782 


-.7622276 


211 


.1620774 


.3368092 


1.6309022 


.4372868 


-.7235076 


212 


.3785358 


.7685164 


-1.3844528 


.4420371 


-.6841876 


213 


.9958486 


.6196988 


-.0623146 


.4466259 


-.6442802 


214 


.6840062 


.4445196 


.2976963 


.4510503 


-.6037993 


215 


.8299654 


.9127132 


-.3183015 


.4553067 


-.5627583 


216 


.0990318 


.3300844 


1.8839432 


.4593922 


-.5211716 


217 


.3930806 


.6367548 


-1.0349719 


.4633038 


-.4790536 


218 


.6065502 


.8512716 


-.8042689 


.4670384 


-.4364189 


219 


.2764134 


.8530972 


-1.2787976 


.4705932 


-.3932831 


220 


.6230478 


.4318124 


.4041316 


.4739653 


-.3496610 


221 


.5061526 


.8845308 


-.7743125 


.4771518 


-.3055693 


222 


.4503742 


.3962636 


.7761981 


.4801499 


-.2610233 


223 


.7686214 


.6155612 


-.4816808 


.4829571 


-.2160399 


224 


.6529838 


.1329004 


.6844315 


.4855707 


-.1706358 


225 


.9958646 


.1294268 


.0661390 


.4879882 


-.1248281 


226 


.6890782 


.0282956 


.1526259 


.4902069 


-.0786340 


227 


.4377894 


.9697052 


-.2431820 


.4922246 


-.0320714 


228 


.7792398 


.3965484 


.4274518 


.4940388 


.0148416 


229 


.0190166 


.7058428 


-2.7074605 


.4956474 


.0620873 


230 


.0282622 


.7521676 


-2.6704187 


.4970480 


.1096469 


231 


.9591174 


.4371292 


.1111923 


.4982385 


.1575019 


232 


.0402158 


.5699564 


-1.0787863 


.4992171 


.2056326 


233 


.7484086 


.6761788 


-.6808847 


.4999816 


.2531074 


234 


.2455262 


.3486796 


1.3639723 


.5005301 


.3026449 


235 


.8318054 


.5314332 


-.1190830 


.5008610 


.3514867 
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n 


ui(n) 


U2(n) 


a;i(n) 


Qy{ti)/xo 


i?(n) 


236 


.6823118 


.4643244 


.1943601 


.5009725 


.4005260 


237 


.2928406 


.1908348 


1.4601925 


.5008528 


.4497422 


238 


.8304702 


.4946316 


.0205559 


.5005305 


.4991147 


239 


.2590534 


.7982172 


- 1.5687536 


.4999742 


.5486232 


240 


.1199278 


.0348524 


.4474116 


.4991923 


.5982464 


241 


.0171126 


.0482108 


.8508720 


.4981838 


.6479629 


242 


.4246942 


.2828236 


1.2809949 


.4969472 


.6977519 


243 


.6280614 


.6550812 


-.7979846 


.4954817 


.7475916 


244 


.0954638 


.6607404 


- 1.8354558 


.4937861 


.7974606 


245 


.2620246 


.4547068 


.4595062 


.4918596 


.8473365 


246 


.0617982 


.1420556 


1.8373850 


.4897013 


.8971974 


247 


.5900294 


.0316252 


.2027737 


.4873105 


.9470213 


248 


.0393198 


.0251884 


.4009469 


.4846866 


.9967858 


249 


.4643766 


.9847228 


-.1187095 


.4818291 


1.0464685 


250 


.2073822 


.1571276 


1.4802762 


.4787375 


1.0960468 


251 


.7401574 


.8094492 


-.7222561 


.4754116 


1.1454976 


252 


.6298958 


.5953964 


-.5423985 


.4718510 


1.1947986 


253 


.6769686 


.7406588 


-.8818026 


.4680557 


1.2439266 


254 


.5990462 


.7888396 


-.9823453 


.4640257 


1.2928587 


255 


.8976454 


.0621532 


.1769028 


.4597611 


1.3415719 


256 


.5535918 


.7025644 


- 1.0395538 


.4552621 


1.3900428 


257 


.4886006 


.7129148 


- 1.1644928 


.4505288 


1.4382483 


258 


.8863902 


.9939916 


-.0185361 


.4455619 


1.4861650 


259 


.9856934 


.0953372 


.0957188 


.4403617 


1.5337699 


260 


.4648078 


.2218924 


1.2185920 


.4349288 


1.5810393 


261 


.3440726 


.3398908 


1.2338928 


.4292642 


1.6279502 


262 


.0710142 


.7453836 


- 2.2989782 


.4233684 


1.6744789 


263 


.5115014 


.2866012 


1.1274481 


.4172426 


1.7206023 


264 


.1459438 


.8525804 


- 1.5683091 


.4108877 


1.7662969 


265 


.2641846 


.2679868 


1.6212204 


.4043048 


1.8115393 


266 


.7465182 


.9518156 


-.2279749 


.3974953 


1.8563063 


267 


.6462694 


.7255452 


-.9233776 


.3904606 


1.9005749 


268 


.8673998 


.9978284 


-.0072776 


.3832021 


1.9443215 


269 


.9657366 


.3116028 


.2445264 


.3757214 


1.9875229 


270 


.1385022 


.7780876 


- 1.9575166 


.3680203 


2.0301561 




Appendix 2 to Part 2 



151 



n 


ui(n) 


U2(n) 


a;i(n) 


QY{ri)/xo 


R{n) 


271 


.9051974 


.6537692 


-.3671941 


.3601005 


2.0721985 


272 


.9475758 


.2448364 


.3279989 


.3519640 


2.1136268 


273 


.3815286 


.6131388 


-.9058025 


.3436129 


2.1544181 


274 


.9445662 


.3649996 


.2533327 


.3350492 


2.1945502 


275 


.4274854 


.7048732 


-1.2516581 


.3262752 


2.2340004 


276 


.5128718 


.4448044 


.3927883 


.3172933 


2.2727462 


277 


.5803606 


.0029948 


.0196280 


.3081060 


2.3107652 


278 


,9743102 


.9493516 


-.0713846 


.2987158 


2.3480356 


279 


.8563334 


.9444572 


-.1904454 


.2891255 


2.3845352 


280 


.4576878 


.3929324 


.7790584 


.2793379 


2.4202427 


281 


.0870326 


.5595708 


-.8079153 


.2693557 


2.4551361 


282 


.5893342 


.3839436 


.6851714 


.2591822 


2.4891944 


283 


.8189414 


.7101212 


-.6123111 


.2488203 


2.5223960 


284 


.6044238 


.1084204 


.6319328 


.2382733 


2.5547207 


285 


.6023446 


.3692668 


.7371672 


.2275447 


2.5861473 


286 


.9432382 


.0575756 


.1209931 


.2166377 


2.6166555 


287 


.0065094 


.2514652 


3.1730366 


.2055559 


2.6462253 


288 


.0634798 


.7144684 


-2.2899286 


.1943031 


2.6748370 


289 


.1230966 


.4864828 


.1736317 


.1828828 


2.7024706 


290 


.0216222 


.2150476 


2.7026187 


.1712991 


2.7291067 


291 


.8542374 


.1700892 


.4920493 


.1595558 


2.7547269 


292 


.7932558 


.9182764 


-.3343220 


.1476569 


2.7793120 


293 


.4620886 


.0936188 


.6894867 


.1356067 


2.8028438 


294 


.4820862 


.6771596 


-1.0836782 


.1234093 


2.8253043 


295 


.8213254 


.6595932 


-.5288978 


.1110691 


2.8466756 


296 


.3601518 


.0910444 


.7736766 


.0985906 


2.8669406 


297 


.1681206 


.8610748 


-1.4468938 


.0859782 


2.8860823 


298 


.2942302 


.9607116 


-.3822277 


.0732366 


2.9040840 


299 


.2709734 


.5455772 


-.4564757 


.0603705 


2.9209295 


300 


.8985678 


.9479724 


-.1485123 


.0473847 


2.9366031 


301 


.8459926 


.5072508 


-.0263394 


.0342841 


2.9510896 


302 


.1796542 


.7985036 


-1.7675705 


.0210736 


2.9643733 


303 


.9503814 


.1256412 


.2264993 


.0077584 


2.9764404 


304 


.2709038 


.8282604 


-1.4246798 


-.0082690 


2.9862545 
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Table 16. 

Calculation of the Sums over n of the 
Products xi{n)QY(n)/xo and xi{n)R(n). 



N 


En=o®i('^)Qv(”)/®o 


N 


En=oa;i(n)it:(n) 


10 


.0939377 


10 


-6.7214615 


20 


.2532940 


20 


-9.3297653 


30 


.2830836 


30 


-9.1443151 


40 


-.1044807 


40 


-7.5678072 


50 


-.9524426 


50 


-4.6857731 


60 


-.4131410 


60 


-5.6820003 


70 


-.0507954 


70 


-6.3972300 


80 


-.6131496 


80 


-6.5065263 


90 


-1.7920221 


90 


-7.4149483 


100 


-2.2029405 


100 


-7.9924522 


no 


-1.7108395 


no 


-6.7500003 


120 


-2.4196728 


120 


-10.3377010 


130 


-2.3582360 


130 


-9.8003370 


140 


-1.6046544 


140 


.1159521 


150 


-1.5155529 


150 


1.5962746 


160 


-1.4489933 


160 


2.2974635 


170 


-1.5980787 


170 


3.2557601 


180 


-1.7645042 


180 


4.3010455 


190 


-1.7715406 


190 


4.5247972 


200 


-1.7850229 


200 


4.9845704 


210 


-3.9894607 


210 


9.4378826 


220 


-4.3266594 


220 


9.4712318 


230 


-6.6992265 


230 


9.0280998 


240 


-6.6217173 


240 


9.1742093 


250 


-4.7925534 


250 


12.686858 


260 


-6.6131011 


260 


8.0079055 


270 


-7.6577445 


270 


2.5933738 


280 


-8.0373681 


290 


.5358483 


290 


-7.1832264 


290 


12.6671250 


300 


-7.3637752 


300 


5.6213579 


304 


-7.3883893 


304 


-3.2764056 
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22. A Theory of Acts 

1. Acts as the means of interaction between the self and the 
outer world. We shall consider human action as an interaction between 
a subject^ i.e. a conscious actor, and an object^ i.e. some part of the outer 
world at which the act of the actor is directed. The actor may be a human 
individual or a collective of any number of human individuals. A collective 
actor may be even the total population of a human society, or even the whole 
mankind at a given point of time. 

When calling the actor in question a subject or, what is the same, a 
conscious actor, we refer to the fact that this actor has, or (in the case of 
a collective actor) can be defined to have, a consciousness. In the case of a 
human individual this is immediately clear. No other thing is as close and 
immediately known to each human being as his or her own consciousness. In 
the case of a collective human actor \t is also often useful to speak of a certain 
kind of consciousness, since we are at any rate used to speaking of ’conscious 
decisions’ even when they are made by human collectives, e.g. a group of 
people in a meeting. Collective consciousness, however, cannot be anything 
more than a convention referring to some features that the individual minds 
involved seem to have in common at the moment of making those collective 
decisions. 

The possession of consciousness accordingly makes a human actor a sub- 
ject. Thus we have labelled consciousness as something subjective. What 
is objective, then? By objective reality, or the real world, we mean the col- 
lection of objects with which the human actor, in principle at least, may 
interact by means of acts, and which are outside the consciousness of this 
actor. (It follows, for instance, that even the own biological organism of a 
human actor belongs to this outer world called ’’real”, as it is outside the 
conciousness.) 

In the last analysis the distinction between subject and object, and sub- 
jective and objective as introduced here, only refers to the fact that a hu- 
man being is equally aware of the influence of the external world upon 
his own affairs as of the impulses he himself is able to give to the exter- 
nal world. These impulses are initiated by his own subjective intentions, 
or his own will, and they are conveyed to the world by means of his acts. 
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Figure 15. 

A Schematic Illustration of the Formation of Acts. 

If man had a complete knowledge of the world, we would possibly have 
no need for a distinction between consciousness and the real world, between 
subjective and objective. But then we would no more exist as the human 
beings we are: in that case we would be very different kinds of beings from 
what we are now. The distinction between subject and object, and subjective 
and objective in the above sense, seems to be necessary in any adequate 
theory of human action. 

Human action as a tool of interaction between consciousness and the 
world of objects, is a two-way traflSc. On the one hand, as a consequence 
of certain kind of acts called observations we obtain knowledge of the real 
world. We process this information and compose our conception of what the 
world is like. The initial information is the empirical knowledge acquired by 
acts of observation, of our own or of someone that we trust to tell faithfully 
of his or her observations. Our cognitive beliefs are based on generalizations 
from our empirical knowledge, and thus are hypothetical. 
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On the other hand man is an active being that chooses his acts in order 
to push events in the real world toward certain directions he wants, and 
away from some directions he does not want. Or, as put by philosophers, he 
wants to realize his values in action, not only in his imagination. The rules 
of choosing the acts are called the norms of action^ and we can conceive 
of them as depending on the values as well as on the cognitive beliefs that 
the actor has. A visual illustration of these categories of action is shown in 
Fig.l5. 

What has been sketched above is a kind of average philosophical answer 
to the question of how are born our conscious decisions to act in a definite 
way. Of course no one knows very much of this subject, and that is exactly 
why it is just a matter of philosophical opinion. Actually, in the following 
we do not need to know anything more of the formation of one’s behaviour 
than that one’s conscious acts reflect one’s subjective intentions, and are 
determined — in a way we do not know in detail — by one’s values and by 
one’s cognitive beliefs. 

Note (Consciousness of Animals?). The reader may have an objection 
to the fact that we have above spoken only of the consiousness of man, 
not of animals or other living beings. This has been done because we are 
discussing here only man. It may well be that consciousness of some kind is 
a characteristic of all living beings, and only reaches its top in man. Here 
however only human action will be considered. 

2. The mathematical representation of acts. Let a complete state- 
description of the real world be given in terms of the set X of possible total 
states of the world. The world is then at any moment t in one and only one 
total state that belongs as an element to the set X . It follows that every 
possible state of affairs A can in a unique way be represented by a subset 
of A, viz. by the set of the world states where the state of affairs A is true. 
We can denote this subset of X by the same symbol. A, since the possible 
states of affairs and the subsets of A in a unique way determine each other. 
We assume a two-valued logic, so that the complementary set A = X Q A 
stands for the state of affairs opposite to A. Let the set of all subsets of A, 
i.e. of all possible states of affairs, be denoted by 2^. 

Any possible act in the world X can then be represented by a function 

(22.1) (act) 



The state of affairs f{x) = C is the consequence of the act / made in the 
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world state x, while the state of affairs 

(22.2) Ac = {x]f{x) = C} (premiss) 

defines the premiss under which the act / gives the consequence C. 

The premisses accordingly are the classes of equivalence of the function 
/. All the possible premisses of a given act / together thus give a partition 
of the set X of world states: 

(22.3) X = \J{Ac-,CeRf} , Ac f]Ac = 0 for C # C' . 

c 

Here 0 is an empty set, and Rj is the set of the possible consequences of the 
act /, i.e. the range of the function /. In other words: the premisses of two 
different consequences of the same act are always two sets without common 
elements. On the other hand, two different consequences of the same act 
may well overlap each other (see Fig. 16). 

A constant function f : X 2^ defines a ’’closed act”. Such an act, 
done in any state xeX^ leads always to the same consequence C. Thus the 
premiss of this constant consequence is the whole set of world states A, and 
the range Rj is a singleton containing only the element C. If Rf is not a 
singleton, / defines an ’’open act”. While the consequence of a closed act is 
certain, i.e. known in advance, the consequence of an open act is uncertain, 
provided that the actor does not know which of the premisses is valid at the 
point of time the act is made. 

The definition of a possible act given above has been deliberately formu- 
lated so broad as to include all the kinds of act that ever have been done, or 
imagined in literature. It is true of most of the acts that even the same act 
may have different consequences, if made in different situations, depending 
on the premisses of that act. But even this is true only of the open acts. 
Some acts do not permit any alternative consequences, no matter what is the 
situation in which they are made. We have called them closed acts. Such are 
for instance past deeds defined ex post on the basis of their consequences, 
paying no attention to the situation in which they were made. This is an 
act defined by a bad historian. A good historian considers even past acts 
as open acts, thus taking into account the usual uncertainty associated with 
the decisions concerning human action. 

A couple of simple examples may illustrate the concepts of closed and 
open acts introduced above. We can consider for instance the acts of ’’open- 
ing a window” and the exploit of ’’killing a dragon”, encountered in fairy tales 
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Example 1 (Opening a Window). An act, according to the above formal 
definition, is entirely defined in terms of its consequences. Consider for 
instance the opening of a window. It defines a closed act if the act is regarded 
as done only when the window actually is open as a consequence of the 
measures taken by the actor in order to open it. But we have an open act if 
we let open the consequences, i.e. if the ’opening of a window’ is understood 
to consist of the measures taken, irrespective of whether they succeed or not. 
In this case there are two possible consequences, viz. C = success and C = 
failure. 

Example 2 (Killing a Dragon). The killing of a dragon is a closed act, if 
the act is defined by the successful consequence, i.e. by the constant func- 
tion f{x) = C for all xeX^ where C = the success of the killing. In this case 
the range of / is a singleton: Rj = {C}. If Rf = {C, C}, the killing of a 
dragon defines an open and thus uncertain act that may either succeed (con- 
sequence C) or fail (consequence C ). All this is rather dull. A somewhat 
more exciting story is obtained already if, say, Rf = {Ci, C2, C3, C4}, where 
Cl = the dragon is killed and the hero gets the princess, 

C2 = the dragon is killed, the hero gets the princess and half the kingdom 
C3 = the act fails and the dragon kills the hero, 

C4 = the act fails but the hero manages to escape. 

We can complicate the affair by permitting further alternatives. Each dif- 
ferent Rf then defines a different act. 

Note (The Immediate and Later Consequences). The passing of time 
has been stopped twice in the formal definition (l)-( 3 ) of act. At the initial 
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moment of time we have the world of premisses: this is the world at the 
moment when the deed is done. The second stoppage of time happens at 
the moment when the states of affairs registered as the alternative possible 
consequence of the act appear (cf. Fig. 16). What happens in the real world, 
however, is that every act triggers a chain of consequences that follow each 
other in time. It is the first, ’immediate consequence’, that is intended in 
the above definition. Of course, what is the immediate consequence remains 
a convention since we can choose the point of time when we record the 
immediate consequence of an act. This convention too belongs to the formal 
definition of an act. 

3. The mathematical representation of values, norms, and be- 
liefs. As for the mathematical representation of the other categories of 
human action mentioned in Fig. 15, we do not need them in the following 
since we shall not be concerned with the details of the processes of con- 
sciousness (e.g. with the problem of how a decision to act in a particular 
way takes place in our mind). Therefore, let their formal definitions be only 
briefly sketched here, referring to the formalism generally applied in the the- 
ory of subjective probability (e.g. L. Savage, The Foundations of Statistics, 
Wiley, New York 1971). 

The values of a human actor can be formally represented by an order of 
preference (>)t> defined for the consequences of acts, i.e. in the set 2^ of 
states of affairs. A formula 

A{>)v B 

thus indicates that the actor in question considers the state of affairs A to 
be more desirable as a consequence of an act than the state of affairs B. An 
equivalence of two consequences B and C, denoted by B [=)v tells that 
the two states of affairs B and C are equally desirable or equally bad to the 
actor in question. 

The norms of action of a human actor are formally represented by an 
order of preference (>)n defined for acts, i.e. in the set JV x 2"^. A formula 

/ (>)n 9 

shows that given a choice between the acts / and g the actor in question 
would choose /. An equivalence of two acts g and /i, indicated by writing 
g (=)n h, tells that given a choice between g and h the actor has no particular 
preference. 

The beliefs of a human actor again define an ordering of states of affairs 
in the set 2^, but this ordering (>)p tells about the relative credibility, i.e. 
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of the relative subjective probability, of the states of affairs in question to 
the actor in question. Thus a formula 

A (>)p B 

tells that the subjective probability of the state of affairs A is larger than 
the subjective probability of B in the mind of the actor in question. An 
equivalence B (=)p C tells that the credibility of the states of affairs A and 
C is the same to the actor in question. 

As mentioned above, we shall not need any of these orderings in what 
follows. 

23, Universal Causality 

1. The axiom of universal causality. Every human act has its pre- 
misses and consequences in the world of objects. But the latter is composed 
of dynamical systems; in fact it is itself an enormous dynamical system de- 
fined in a complete state-description of the world. Or so we are inclined 
to think, at least when we are speaking of ’universal causality’ governing 
the world. We now make the working hypothesis that universal causality 
is valid, i.e. that the world is a dynamical system. It follows that human 
beings and all human collectives and communities, as parts of the world of 
objects, are also dynamical systems, as well as being conscious actors. It 
follows further that there must be a connecting link between the theory of 
dynamical systems and the theory of acts. We shall assume that univer- 
sal causality is valid and that accordingly the acts of any human actor can 
be represented as functions defined in the state-space of the corresponding 
dynamical system: 

Axiom (Universal Causality). The world as a whole is a dynam- 
ical system including as partial systems all human actors, so that 
every act fs of any actor can be represented as a function from 
the state-space Xs^ of the dynamical system S of that actor, to 
the set 2^ of the all possible states of affairs, 

(22.4) fs : Xs ^ 2^ . 

The formula (4) does not violate the general definition of act given by 
the equation (1), since the state Xs of the dynamical system S can be always 
represented as a function 

(22.5) Xs : A Xs . 

It follows from (4) and (5) that the composite function fs o is a function 
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Figure 17. 

An act of a dynamical system S. 
from the set X of all world states to the set 2 ^ of all the states of affairs: 



( 22 . 6 ) 



fs O Xs : X 2' 



This accordingly redefines fs as a possible act in the sense of the equation 
(1). If 7 is a definite state of the system S’, then the class of equivalence, of 
the function corresponding to the state 7 is the set 



(22.7) 



Aj = {x;xs{x) - 7} . 



This class of equivalence of course represents (cf. Fig. 17 ) the state of affairs 
that ’the dynamical system S is in the state 7’. It follows that our above 
postulate indeed completely defines an actor — any possible actor — that is 
simultaneously also a dynamical system. 

2 . The concerted action of several actors. Let us now consider N 
actors, or actor-systems ^2, 'S’at- Let them simultaneously do the fol- 
lowing acts with the indicated consequences and their premisses (cf. Fig. 18 ): 



( 22 . 8 ) 



/l(xi) = Cyi for xieBy^ C Xi , y\eYi , 

/2(^2) = *2^^y2 ^2 > > 



Here the yi,y2) •••iVN are indices of the consequences (and of the associated 
premisses), and the Fi, Y2, the respective index sets. 

The common consequence of these simultaneous acts obviously is the in- 
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Figure 18. 

A CONCERTED ACT OF N ACTORS. 



tersection (cf.Fig.18) 

(22.9) % =ca,nc»n -ncsw. 

where we have the index vector 

( 22 . 10 ) ys = {yi,y2r- ■ ,Vn) ■ 

Thus the simultaneous acts /i, / 2 , * * * , /iV together generate in the total 
dynamical actor-system S the act 

fs : Xi® X2® ' - ® Xjsi — ^ 2^ , 

where 

(22.11) fs(xi,X2r ■ ■ = /l(a:i)n /2(=*^2) fl ‘ ' "0 • 

Let us now put the crucial question: On which condition do the simul- 
taneous acts of our actors together generate a transition of state, 
in the total dynamical system 5 they together form? The answer of course 
is that the equation 

( 22 . 12 ) Cy, = A^, 

S 
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expresses the condition that is both necessary and sufficient for the gener- 
ation of such a state-transition. This condition indeed reads that the con- 
sequence (9) of such a concerted action is equal to the state of affairs that 
’the total system S is in the new state x' . 

It follows that (12) expresses the condition under which the concerted 
acts of N actors generate a causal recursion in the total dynamical system 
they together form. 

3. The dual causality of human actors. Under the condition (12) 



we have: 








(22.13) 


9s ° fs ■ ^s 


- Xs, 


{9s°fs){xs) = x's , 


(22.14) 


fs-Xs 


^ 2^, 


fs(xs) = A , , 

S 


(22.15) 


9s:2^ 


- Xs, 


gsiAj) = 7 V jeXs 



Let the function T{ defined by 



Ti : Xi ^ Yi , Ti(xi) = y • V C X,* , 

be called the mode of action of the actor S’,*. They can be combined in a 
single vector function of the form 

(22.16) Ts(xs) = [Ti{x^),T2{x2)r--.T^{xN)\ = Vs ■ 

On the other hand, the condition (12) of concerted action makes the new 
total state x' a function of the index y^. Let this function be denoted by S 
and called the coupling function of the total actor system. 

(22.17) x's = S{ys). 

Obviously the coupling function determines the mutual interaction of differ- 
ent actors in the total actor system. 

The equations (16) and (17) together give the causal recursion of the 
total actor system as the composite function of the modes of action of single 
actors, Tsj and of the coupling function 5 indicating their interaction with 
one another: 

(22.18) xs Xg = S{Ts{xs)) = (^>s{xs) , with d>s = S oTs . 

It suffices to associate the states x^ and x' with the states at two succes- 
sive points of time t and f + 1, and we have proved the following important 
theorem. 
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Theorem (Dual Causality). There are actors whose simultane- 
ous acts generate the causal recursions of the total dynamical 
system they form. These causal recursions can be given two 
equivalent forms, one of them in terms of the acts of the actors, 
viz. 

(22.19) xs(t + 1) = (gs o fs)(xst) , 

and the other one in terms of characteristics of the actor system 
as a dynamical system: 

(22.20) xs[t + l) = (So TsKxst) . 

In this theorem the number of actors AT may be any positive number, 
even one. A total actor-system S obeying the equations (19) and (20) (and 
thus the equation (12)) is simultaneously an actor and a dynamical system. 
It follows that that the causal recursion in the total actor-system S obeying 
(19) and (20) defines the following commutative diagram: 



ffs 




Figure 19. Dual Causality in an Actor System. 
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Depending on which of the two paths of the diagram we consider to be 
the primary, formative one, we can accordingly interpret what happens in 
such a system in two different ways: 

(I) An interpretation in terms of acts as given in (19). This is often called 
the understanding of the acts of a human actor. 

(II) An interpretation in terms of a dynamical system as given in the 
formula (20). This is called the causal explanation proper of that action. 

We can see from the above theorem that these two modes of interpre- 
tation of human behaviour, if given a strict mathematical formulation, are 
equivalent. However, a causal explanation of human behaviour is a much 
more demanding and difficult task than the ’’understanding” of acts of a 
person. 

4. A limitation to the causal analysis of human actors. Let us 
consider the set of past states of a human actor-system S at the ’present 
moment’ t: 

(22.21) Xi = <t} . 

What we can possibly know of the causal recursion of the system S at the 
moment t is confined to the restriction of the causal recursion (ps to this set: 

( 22 . 22 ) ^s\Xt. 

All causal explanations are based on the application, of what we know 
on the causal recursion of a system on the basis of its past states, to some 
future states of this system under the assumption that the same states will 
reappear in future. This is true irrespectively of the nature of causality we 
are speaking of - whether ’strict’ or probabilistic or possibilistic, as the case 
may be. Therefore any prediction implies that at least one of the following 
three assumptions is valid for the system concerned: Either 

(a) the system itself reproduces its past states, at least approximately as 
it happens in the dynamical systems with recurring trajectories, either finite 
or infinite ones. A simple (approximate) example of this kind of systems is 
the planetary system. Or 

(b) the system can be repeatedly put back to the same initial state x — 
xOj and the same trajectory or at least some part of it can be run again 
and again, as it happens in a typical experimental study of physico-chemical 
objects. Or 

(c) the system can be repeatedly replaced for repeated experiments by 
other, identical systems, or at least by systems that are similar enough from 
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the point of view of properties we are investigating. This is the usual practice 
for instance in animal experiments. 

Suppose that instead of (a) the human actor-system S has an expanding 
unbounded state-development^ defined by 

(22.23) Xi □ C X^M V f < f' < f" , 

(22.24) Xt+ = {Xr'y t > t} is unbounded V t. 

T 

Here the symbol (Z indicates a proper subset. 

In a dynamical system with this property the same state never returns, 
not even in the approximate sense as it returns in systems with infinite 
recurring trajectories. Each total state of the system accordingly is unique: it 
never appeared before and will never reappear. It follows that our knowledge 
of the causal recursion, at any time t confined to the restriction (ps | X-f-y 
cannot be used for the prediction of any future states, as none of the future 
states can be represented — not even approximately — by elements of the set 
Xf. A dynamical system S with this property accordingly is unpredictable. 

One must consider it very probable that human actors belong to this 
large category of dynamical systems. One can be even a little more specific. 
A healthy human being can be assumed to be also asymptotically stable. 
Such a dynamical system is called ’’goal-directed” in cybernetic literature. 
In particular, an asymptotically stable dynamical system having the prop- 
erty (23)“(24) has been called ’’self-steering” ever since a Polish- American 
economist, the long-time Chicago professor Oskar Lange introduced the con- 
cept in his book ’’Wholes and Parts: A General Theory of System Behav- 
ior” (Pergamon, Oxford 1965; for a mathematical analysis of the concept see 
Aulin, Foundations of Economic Development, Springer- Verlag 1992). 

But if human actor-systems are self-steering, we have a serious limitation 
to their predictability, which can be expressed in the following form: 

Principle of Indeterminacy (Human Actor-Systems). A strictly 
causal analysis and prediction of the future behaviour of human 
actor-systems as wholes cannot be carried beyond the cybernetic 
entropy laws. 

Human actor systems are indeterministic in the so qualified sense. By 
strictly causal analysis is meant an analysis, where the cause can be strictly 
separated from the effect. The positive side of the principle, i.e. the strictly 
causal nature of the cybernetic entropy laws applied to human actor-systems 
as wholes , will be shown in Chapter XL 
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CYBERNETIC ENTROPY LAWS OF ACTOR-SYSTEMS 

24. The Law of Requisite Variety (Ashby) 

1 . The Disturber and the Regulator. Let us consider two actor sys- 
tems called the Disturber V and the Regulator defined by the respective 
causal recursions (j)x> and ^ 7 ^: 

(24.1) (j>v : X®D — 

(24.2) tPn : Y®R-^Y. 

Here X and Y are the state-spaces of the respective systems, and I? and 
R are the sets of possible values of their respective parameters d and r. 
The parameters d and r are real vectors in the respective parameter spaces 
Vfi and Vt) whose volume elements we shall denote by dV{d) and cfF(r), 
respectively. 

Given fixed values of the parameters d and r the Disturber and the Regu- 
lator behave in a special way determined by the respective parameter values. 
We shall call the mode of behaviour adopted by the Disturber for a given 
value d the disturbance d, and the mode of behaviour adopted by the Regula- 
tor for a given value r the regulatory act r. Besides the disturbances and the 
regulatory acts we shall be interested in the states yeY of the Regulator. The 
volume element of the state-space Y of the Regulator will be denoted by 
dV{y). The three variables d^r^ and y are all we are interested in. 

We shall assume that, because of an extreme complexity of the systems 
T> and 7 J, we do not know anything about the variables d, r, and y except a 
probability distribution over them. Thus we assume that what is known is 
only a distribution of probability, p, over the set D ® R®Y: 



(24.3) 


p : D ® R®Y — ► [0, 1] , there being 




Id Ir Iy 1 • 


This gives us 


the probabilities of each fixed value d, r, and y as the integrals 


(24.4) 


P{d) = p{d, r, y) dV {r)dV (y) , 


(24.5) 


P{r) = j^J^p{d,r,y)dV{d)dV{y), 


(24.6) 


P{y) = jj^Jj^p(d,r,y)dV{d)dV(r), 
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respectively. Our ignorance about the true values of d, r, and y can be 
indicated by the values of the respective entropies 

(24.7) S{V) = J^p(d) log ^^dV{d), 

dV{r) , 

(24.9) £{y) = p{y) log ^ dV {y) , 

following Shannon and Weaver (1949). (References at the end of Ch XL) 
The probability of a simultaneous appearance of fixed values of any cou- 
ple of the variables d, r, and y are given by the formulae 

(24.10) P{d,r) = J^p{d,r,y) dV{y) etc.. 

The conditional probabilities of the appearance of a value d when the value 
r is known, and the corresponding other conditional probabilities for any 
couple of the variables d, r, and y are then obtained by the Bayesian formulae 

(24.11) p{d I r) = etc. . 

The corresponding conditional entropies when a fixed value of one of the 
variables is known are given by 

(24.12) £{V I r) = j^pid \ r) dV{d) etc. . 

Our total ignorance about one of the variables when one of the other variables 
is fixed (at any value) is equal to 

(24.13) e(V\n)= f p{r)€{V\r)dV(r) etc.. 

JR 

There are two important formulae that are always valid for the entropies 
of any pair of variables, namely the following ones (these formulae can be 
trivially derived from the above equations): 



(24.8) 



^(■^) = 



1 

' p(r) 



(24.14) S{V)-S{V\%) = e{n)-S{n\V) etc., 

(24.15) £{V) > £{V\%) etc. 



and 
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2. The survival of a living being as a problem of regulation of 
external disturbances. Let us now assume that the actor system 7Z is 
none else but the organism of a living being, whose foremost preference is to 
try to survive in an environment represented by the Disturber system V. Its 
survival means keeping the functioning of its vital organs intact, which was 
represented by the English physicist and physician Ross W. Ashby (1956) 
by the requirement that the state y has to keep within a given domain of 
survival Yq C Y , This domain defines the physiological limits for certain 
vital state variables of a living organism, which for an animal or human 
being include variables concerning blood circulation and the functioning of 
heart, lungs, digestion, autonomous nervous system etc. 

The problem is the disturbing environment P, whose often unexpected 
changes may threaten the survival of 1Z, To the varying disturbances d 
of the environment the organism TZ reacts by varying regulatory acts r, 
trying to keep its physiological state y within the domain of survival Yq. 
Being a complex organism in a complex environment the Regulator 7Z does 
not know exactly what is the disturbance d to which it has to respond to, 
neither does the Regulator know exactly what is its own state y. In such 
a normal situation of uncertainty the organism has to respond to the variety 
of disturbances represented by the entropy £{V) by a variety of regulatory 
acts, measured by £[TV)y trying thus to reduce the variety of disturbances 
that meet its own physiological state to a minimum. A necessary condition 
of survival obviously is that the variation £{y) of the physiological state of 
the organism, due to the disturbances, can be by regulatory acts reduced to 
the level of the variety £(yo) of the domain of survival. More exactly: 

( 24 . 16 ) £{y)<£{yo ) . 

3. Ashby’s entropy law. Ashby’s Law of Requisite Variety states the 
minimum to which the variety £{y) of the physiological state can be reduced 
by regulatory acts, when a certain variety £{T>) of external disturbances is 
given. We can think of the process of regulation as a two-phase process 

(24.17) V — >71 — >y , 

where the Regulator 7Z as if distils the variety of disturbances letting through 
as ’outcome’ into the variable y only a part of it. The assumption made by 
Ashby for the derivation of a general law of regulation is the following: 

Axiom. If the regulatory act is kept constant, the variety of 

outcome is not smaller than that of original disturbances: 
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(24.18) e{y\n)>£{v\TZ), 

In other words, you cannot win anything in the game of regulation (17) 
by sticking to a constant regulatory act while the disturbances vary. Or, as 
Ashby (1956) put it: only variety in TZ can force down the variety due to V. 
In view of (14) and (15) we have: 

(24.19) £{V\n) = £{V)-[£(n)-£{n\V)] , 

(24.20) £{y) > £{y I n) . 

From (18), (19), and (20) the following result follows immediately: 

The Law of Requisite Variety. The maximal reduction of the 
variety of disturbances achievable in a regulatory process (17) is 
equal to £{7i) — £(1Z \V) so that 

(24.21) £{y) > £{V) - [£{n) - £{TZ | V)] . 

The Law of Requisite Variety thus tells that the variety of the disturbances 
that pass through regulation and reach the states of the system TZ can be 
reduced by the variety of regulatory acts, which on the other hand may be 
handicapped by a certain amount of uncertainty in regulation. 

The following terminology is used in connection of this law: 

{ ^eff(^) “ "■ I effective regulatory ability of 72., 

£{iZ) = the optimal regulatory ability of 7^, 

£{TZ I V) = the uncertainty of regulation. 

Two special cases clarify the content of these terms: 

Case 1. A zero conditional probability £{TZ \V) = 0 gives a functional 
dependance r = f{d) of regulatory acts on the disturbances. In this case 
no uncertainty is involved in regulation but the Regulator IZ has just one 
regulatory response to each disturbance. 

Case 2. If the conditional entropies £{TZ | V) and £{V | TZ) are both of 
them zero, also the disturbance d is a function of the regulatory act r, so 
that the mapping / is one-to-one and the variety of regulatory acts equals 
the variety of disturbances: £{7Z) = £{T>) and Ashby’s law takes the simple 
form £{y) > 0. (Note that this law expresses only a necessary but not 
sufficient condition of successful regulation - hence the above form £(y) > 0 
of Ashby’s law in this case.) 
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The Law of Requisite Variety is a strictly causal law — even though 
probabilistic in form — because it states that the entropy of disturbances, 
i.e. disorder, is necessarily decreased and order created by the regulatory 
mechanisms that maintain life in living organisms. It follows that this en- 
tropy law pertaining to living beings can be interpreted as working against 
the other causal entropy law known as the Second Law of Thermodynamics, 
which concerns the inorganic world. It tells that entropy and thus disor- 
der necessarily increases all the time in the inorganic world. Ideas simi- 
lar to Ashby’s cybernetic entropy law have been later brought forward in 
the new nonequilibrium thermodynamics, where it has been suggested (e.g. 
Nicolis and Prigogine,1977) that life in however primitive forms implies self- 
organization, i.e. the ability of a living being actively to change the values 
of parameters governing its behaviour as a macrophysical dynamical sys- 
tem. Such a self-organization accordingly could be an instrument by means 
of which the increasing order predicted by Ashby’s entropy law is brought 
about in living organisms. 

Note (Causal vs Statistical Laws). In a casual talk we often use the terms 
’causal’ and ’statistical’ in a confusing way. Here the word ’causal law’ is used 
to involve all the cases, where a clear separation can be made between the 
cause and the effect. In Ashby’s entropy law such a separation is possible: 
the regulatory action at each moment is the cause and the immediately 
following decrease in entropy is the effect. On the other hand, no such 
a distinction between the cause and the effect can be made in a typical 
statistical analysis. A correlation between two variables, for instance, tells 
nothing about the cause and the effect. 

The confusion of concepts is mostly due to the probabilistic form taken 
sometimes by causal laws. A case in point is quantum mechanics, which 
strictly speaking is not a statistical theory despite its probabilistic form. 
The quantum state [xt > of a quantum mechanical system at a moment t is 
transformed to a later state \xt^r > by a causal recursion, which is a unitary 
operator in the Hilbert space of states constructed from the Hamiltonian 
operator H of the system in the following way: 

(24.22) \xt^r >= \xt > . 

Here i is the imaginary unit and a is a real constant. Two successive causal 
recursions combine to the resultant causal recursion in a normal associative 
way, which in quantum mechamics takes the form 

J.aH{Ti) ^iaH{T2) _ + r^) ^ 
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and all the causal recursions of a given system form a group of transforma- 
tions, just like they do in classical mechanics. The cause of each transition of 
state is the causal law now represented by the operator and the effect 

is the transformed state. (Classical systems too can be given this form.) 

The confusion of concepts in the case of quantum mechanics comes from 
the fact that each quantum state is defined on the basis of a probabilistic 
distribution characteristic of this state. Hence comes the probabilistic form 
of quantum mechanics, which however does not prevent a clear separation 
of the cause and the effect. Thus, strictly speaking, one should characterize 
quantum mechanics by saying that it is a causal theory having a probabilis- 
tic form. In the same sense Ashby’s entropy law is a causal law having a 
probabilistic form. The same distinction applies to still another entropy law 
which will be discussed next. 

25. The Law of Requisite Hierarchy 

1. The improvement of regulation by a hierarchy of regulation 
and control. The regulation of external disturbances can be improved by 
considering the amplified regulation performed by a hierarchy of Regulators 
7Z and Governors Q in the way illustrated in Fig. 20 (next page). Here begins 
social science: we can think of the total actor system as a society of human 
beings, in which the Regulators and the Governors are action units composed 
of some groups of people, and correspond to the levels of executing workers 
and their managers, respectively. 

Suppose that such an actor system faces a Disturber 2^ that threats its 
survival. Suppose that this system is in possession of a Regulator which 
however is insufficient for its purpose, i.e. for bringing the variety of external 
disturbances S(V) down to the level S(yo) necessary for the survival of the 
system. Suppose, next, that it also has at its disposal another Regulator 7^2 
that is able to regulate the result of the first Regulator. Then the optimal 
result of the first Regulator, 

(25.1) S(yi) = S(V)-S(7li) , 

can be improved to 

(25.2) S(y 2 ) = e(V) - S(7li) - S(7Z2) • 

If even this reduction of the variety of disturbances is not enough, the 
system can employ further Regulators, if available, until, say, a Regulator of 
order m, IZm- The optimal reduction of £(T>) achieved will then be 

(25.3) S(7Z) = S(7Zi) + S(7Z2) + ‘ + S(Rm) , 
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Figure 20. 

A Hierarchy of Regulation and Control. 



the corresponding optimal result of regulation being 

(25.4) e{ym) = £{V) £[n) . 

In the general case the optimal result is not achieved because of the 
uncertainty of regulation. If nothing is done to it there will be a total 
uncertainty of regulation that amounts to 

{2b.h)S°{n I V) = S{Tli I V) + S{n 2 \yi) + --- + S{nm I - 1) • 





LAW OF REQUISITE HIERARCHY 



175 



But this can be reduced by arranging for each Regulator sl Governor 
that specializes in decreasing the uncertainty of the regulatory action of Rj^. 
This takes place by co-ordinating the regulatory acts of the Regulator Rf^ 
so as to fit better to the appearing disturbances — 1 Cohere being yo = d), 
and thus reducing the uncertainty S[R]^ 1 — l) (there being = 'F)- K 

co-ordination is successful, the uncertainty of this Regulator will be reduced 
by some positive magnitude, say to 

(25.6) s{nk\yk-i)-£{Qk)- 

The total effect of the m first-order Governors will be that the uncer- 
tainty of the total Regulator R will be reduced by the amount 

(25.7) S(g^) = eiGi) + 5(^2) + • • • + ^{Gm) , 
the remaining uncertainty being equal to 

(25.8) I V) - S{g^) . 

Hence, we can go on and build up a full hierarchy of control, until we 
reach the top Governor , the total reduction of the uncertainty of regula- 
tory acts being equal to 

(25.9) s(g) = s{g^) + s{g^) + • • • + £{g ^) . 

The remaining total ignorance about regulation accordingly will be equal to 
the entropy 

(25.10) S{n\V) = £°{'R.\V)-Sig) . 

The final result of regulation reached in the so constructed hierarchy of 
regulation and control^ shown in Fig. 20, is 

(25.11) s(y) > £{v) - , 

where the effective regulatory ability is now given by 

(25.12) 5eff(7e) = €{n) - £°{U \ V) + £{g) . 

Depending on the magnitude of the control entropy €(g), i.e. the uncer- 
tainty eliminated by control acts, the eflFective regulatory ability achieved by 
hierarchy lies between a minimum and a maximum, as follows: 

eCJi) - s°{n I V) < 5eff(?e) < sin) . 



(25.13) 
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It follows from the condition of survival (24.16), from the Law of Requi- 
site Variety (24.21), and from the equation (12) that a necessary condition 
for the survival of a hierarchy of regulation and control, attacked by the the 
Disturber V, is given by 

(25.14) s{G) > [e(v) - e{yo)] - [S{n) - €%n\v)] = Ernini^)- 

On the other hand, the control entropy cannot eliminate more uncertainty 
than there is to be eliminated, according to (5). Hence we get: 

(25.15) £(g) < £%n\V) — £max{G)- 

An obvious result involved in the above construction can be stated as 
follows (Aulin-Ahmavaara 1979, Aulin 1989): 

The Law of Requisite Hierarchy. The weaker the average regu- 
latory ability and the larger the average uncertainty of available 
regulators, the more hierarchy of regulation and control is needed 
to achieve the same effective regulation. 

The Regulators and Governors of the theory may be however large or small 
units of action: they are not meant to be in any sense indivisible, atomic 
smallest units. 

2. Increasing social hierarchy in stagnant societies. While Ashby’s 
Law of Requisite Variety seems to be capable of telling, on a very general 
level, something essential about the regulatory processes maintaining life in 
living individuals, The Law of Requisite Hierarchy suggests something essen- 
tial concerning the regulatory processes maintaining communities of living 
beings, especially human societies. 

The means of survival in human societies consist of the production and 
distribution of goods, services, human capital and human time. The process 
of production and distribution accordingly is the regulatory process main- 
taining the life of individuals and securing the survival of a human society. 
In this rough interpretation of human society in terms of a hierarchy of reg- 
ulation and control, the theoretically optimal regulatory ability €{TZ) can 
be taken to represent the technological level of the means of production and 
distribution in society. The initial uncertainty of regulation £^{TZ | V) then 
measures the initial uncertainty of these technical means in hitting their tar- 
get. This means, among other things, ignorance concerning how to use the 
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technical means of production and distribution, such as a defective techno- 
logical and managerial know-how and a defective market system, 

A stagnated society will be here understood to imply a low and rather 
constant level of the technical means of production and distribution as well 
as a high and constant degree of uncertainty in their functioning. Such 
a situation is in terms of our entropy formalism defined by constancy of 
both the optimal regulatory ability S[Tt) and of the initial uncertainty of 
regulation j V) (with the understanding that the former level is low 

while the latter is high): 

(25.16) = a = Constant , S^{7i [ X>) = 6 = Constant . 

It follows that the effective regulatory ability of the economic system, 
represented by 

(25.17) e^f^CR) = a^b + S{g) , 

can be improved only by increasing the hierarchy of control in society, mea- 
sured by the control entropy S{G). The maximum utilizable amount of 
control entropy is of course equal to b: you cannot compensate by control 
more uncertainty than there is in the first place. Thus we have: 

(25.18) SmMQ) = \V) = b. 

The minimum acceptable amount of control hierarchy, as given by (14) 
and (16), is now defined by 

(25.19) ^mm(^) = [^(^^) " ^C^o)] - (a - 6). 

Thus we have the following result, illustrated in Fig. 21: 

The Law of Requisite Hierarchy in a Stagnant Society.. In a 
stagnated society the effective regulatory ability and thus secu- 
rity can be increased only by increasing the hierarchy of control, 
from a minimum necessary for the survival of society to a maxi- 
mum above which further hierarchy cannot help. 

Since the pursuit of greater security is a very strong motive in all kinds of 
human societies, the Law of Requisite Hierarchy predicts the existence of a 
trend toward increasing social hierarchy in all stagnated societies. 
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The Law of Requisite Hierarchy in a Stagnant Society. 

Example 1. (Archaic Societies). Economic development has hardly ever 
during recorded human history entirely stopped. But closest to a stop, when 
compared with later times, it was during the era of archaic societies starting 
from small primitive communities and ending up with the formation of the 
great ’temple states’ of the ancient Middle East and Orient. The temple 
state, with its theocratic power structure and priests in command, marked 
the historical birth of the state. The best known temple states no doubt 
were those in Babylonia and Assyria (since about 4000 BC), in Egypt (since 
3000 BC), in India, in Persia (c. 500 BC), and later still the states of the 
Inkas and the Azteks (c. 1000 AD) on the American continent. The temple 
state was the purest example — if ever there was one — of a ’class society’ 
with a strict social hierarchy, at the bottom of which were slaves who did 
most of the physical work. The development of archaic societies toward 
temple states is indeed the best example of increasing social hierarchy in 
stagnated societies. It started in the region of heliolithic culture stretching 
from the Mediterranean to the Indian Ocean some 10000 years ago, but 
similar developments toward ever greater hierarchy took place in Asia, in 
Africa, and on the American hemisphere. 

Example 2. (Underdevelopment Today?). Even the least developed 
economies in the contemporary Third World can hardly be compared with 
the archaic underdevelopment. Still a similar development toward greater 
internal hierarchy and concentration of power seems to have taken place in 
some of the African states after the second world war. When left on their own 
after the colonial era, with relatively undeveloped economic systems, usu- 
ally a concentration of power to a small local elite followed, often leading to 
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dictatorship. The tendency to dictatorship and a greater internal hierarchy 
has been discernible also in some poor countries of Asia and South Amer- 
ica. This theme, of course, like the problem of the reasons for Third Worlds 
grievances in general, makes good kindling for ideological controversies. But 
it is interesting to note that the Law of Requisite Hierarchy suggests a di- 
rect connection between the tendency to greater internal hierarchy and an 
undeveloped economic system. 



3. Decreasing social hierarchy in advanced societies. An ad- 
vanced society is here understood to mean a favourable development of both 
S(7Z) and of | X>), i.e. a continuous improvement in the technical 

means of production and distribution and also an improving know-how and 
market system. In other words, an advanced society is a society of endo- 
geneous economic growth^ as a consequence of which £{R) increases while 
£^{TZ I 'D) decreases: 



(25.20) 



d£{n) 

dt 



ds%n\v) 

I i ^ 



Thus, when plotted against time, the curve of the effective regulatory 
ability £^^^(72.) runs between ever narrower rising limits (see Fig. 22) and, 
accordingly, rises itself in the long run. Simultaneously the need for the 



entropy 




Figure 22. 

An Illustration to the The Law of Requisite Hierarchy 
IN Societies of Endogeneous Economic Growth. 
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control entropy 

(25.21) e{g) = - ie(n) - \ v)] , 

and thus of hierarchy, diminishes, and approaches zero in the long run. In 
other words: 

The Law of Requisite Hierarchy in Advanced Societies. In so- 
cieties of endogeneous economic growth and only in them the 
effective regulatory ability increases with time, thus improving 
security and the means of survival of the population, while si- 
multaneously the need for hierarchy decreases. 

As a consequence there is in the societies of endogeneous economic growth 
a situation favourable to the reduction of social hierarchy without jeopardiz- 
ing the growth of security of the population. The emergence of such a situa- 
tion for the first time in human history surely has been a remarkable turning 
point. Thus the Law of Requisite Hierarchy supports the ’Comte-Pareto hy- 
pothesis’, stated by Auguste Comte at the beginning of 19. century and 
completed later by Wilfredo Pareto, to the effect that the history of human 
societies can be divided in two great developmental periods that are qualita- 
tively different from each other. (Sometimes one counts a transitional period 
as a third one.) 

Example (The Birth of Western Societies). The stepwise birth of the 
Western type of societies in Western Europe upon the ruins of the disinte- 
grated archaic state of the Roman empire obviously Wcis a decisive turning 
point of history. Everywhere in the world the end of the latest archaic em- 
pires took the form of a more or less violent disintegration of the state into 
smaller communities. But only in Western Europe did the end of the archaic 
empire (Rome) produce, from the very beginning, a new type of society hav- 
ing a more relaxed hierarchy and a briskly developing economy, first in the 
Mediterranean city states, and later on a larger scale elsewhere in Western 
Europe. This was the start of a new kind of development that was to lead 
to modern societies, first in Western Europe and in North America — a de- 
velopment that has been with a varying success imitated elsewhere. Since 
the Law of Requisite Hierarchy establishes a causal connection between an 
advanced economy and relaxed social hierarchy, and similarly between an 
undeveloped economy and strict social hierarchy. The Law suggests an ex- 
planation for the relaxed hierarchy in the Western countries, and in societies 
modelled according to them. 
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Let it be emphasized that, according to our result, relaxed hierarchy is 
not a causal necessity, not even in growth economies. But economic growth 
creates the possibility of dismantling power hierarchies without reduction of 
security in society. It is up to the political will whether this option is used 
or not. 
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THE ENTROPY LAWS OF INDIVIDUAL FREEDOM 

26 . The Natural Limits to Individual Freedom 
Determined by Economic Development 

1. The cultural impact on individual freedom. Common sense, 
historical experience and anthropological evidence suggest that the level of 
individual freedom tends to be different in different cultural surroundings. 
In ancient Temple States of Egypt, Babylonia and Assuria of the Middle 
East, as well as in the states of the Azteks and Inkas on the American 
continent, strong social and religious hierarchy limited greatly the freedom 
of individual human beings. Compared with those ancient states, modern 
Western democracies quite obviously permit larger individual freedom. 

A totalitarian political system, such as the Soviet Union or Nazi Ger- 
many, likewise limited individual freedom much more than the contempo- 
rary Western democracies. In the Islamic world of today many limitations of 
individual freedom still exist, such as would not be tolerated in the Western 
world. Examples could be multiplied. 

As a common denomination grasping all those various cases we can 
speak of different (average) levels of individual freedom in different cultures^ 
whether the culture is determined by religion, politics, or other social phe- 
nomena. 

But if culture is such a remarkable factor of the level of individual free- 
dom, we must be able to identify this factor also in the mathematical theory 
given in Part 2. There the pursuit of individual freedom was represented in 
the utility function by the term 

^ (1 — t>) A, where ^ , 

the time function f(t) being different in different Growth Types. The factor 
(1 — v)N is the total leisure time of all (grown-up) individuals in society 
during a period of production. The constant is a level factor, and we shall 
interpret it as an index of the cultural effect upon individual freedom, and 
call it the cultural level of individual freedom. 

2. An. entropy measure of individual freedom. The cybernetic 
entropy laws discussed in Chapter XI have an obvious relevance to the con- 
cept of individual freedom. Indeed, it is a common wisdom that the more 
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hierarchy there is in society the less there tends to be individual freedom. 
But since the cybernetic entropy laws produced the measure S(G) of control 
hierarchy in society, this translates into a measure of the level of individual 
freedom in society: 



The Law of Inverse Proportionality. The level of individual free- 
dom in society is inversely proportional to the control hierarchy 
in that society: 



(26.1) 






1 

5(G)- 



Our discussion will be so general that we need not specify the coefficient of 
proportionality. 

For a reader who is not familiar with the concept of entropy it may 
seem far fetched to define mathematically the level of individual freedom in 
society in entropy terms. As a matter of fact the concept of entropy indeed 
measures, even as used in physics, a kind of freedom, and the general concept 
of entropy is an exact measure of an aspect of freedom, viz. the permissive 
aspect. We shall see soon that when combined with the cybernetic entropy 
laws it also offers well defined natural limits to acceptable individual freedom 
in society. 

From the existence of the lower and upper limits of control entropy in 
a surviving society, as given by (25.14) and (25.15), respectively, it follows 
that we have the corresponding upper and lower limits to acceptable level 
of individual freedom in society: 



(26.2) 

(26.3) 



cmax ^ 

Smin{Q) 

= i/{ [^{yo) - s{v)] - [5(7^) - s°{nm }. 
^ TT) IT) 1 1 

~ SmaxiG) " e°{n\v) • 



The limits cannot be exceeded without serious consequences to the society. 

Since £{yo) and £{V) can be thought to be given, the former defining the 
survival of the population, the latter defining the environment in which the 
society in question lives (cf. Chapter XI), the limits of individual freedom 
are determined by the variables £{1^) and £^{TZ | X>), i.e. by the economic 
achievement of this society. Thus we have: 



The Law of the Limits of Tolerance. A surviving society in a 
given environment needs a certain amount of control hierarchy. 
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whose magnitude depends on the economic achievement of soci- 
ety and is between two limits, which impose the corresponding 
limits upon the accessible level of individual freedom in society. 

What happens if the limits are crossed over? To answer the question 
we have to think of the consequences that follow, according to the cyber- 
netic entropy laws (Chapter XI) from crossing over the limits ^rnin(^) 
^max(^)- Crossing over the former limit means that the existing control 
hierarchy in society becomes less than what is necessary for the survival of 
the population: 

(26.4) €ig) < s{y) > s(yo ) . 

It follows that the survival of population is threatened. 

On the other hand, the maximum uncertainty of regulation, ^max(^) = 

I T>), eliminated by the controlling acts indicates the largest amount 
of control hierarchy that can be used to reduce the uncertainty of regulation: 
of course you cannot reduce this uncertainty more than there originally is 
uncertainty in the regulatory acts. Social hierarchy may be increased over 
that limit, but the excess hierarchy is unnecessary hierarchy, i.e. it cannot be 
utilized to improve the effective regulatory ability in society. Such an excess 
hierarchy thus indicates that there is in society too much centralization of 
power. 

Note (The Interval of Tolerance). From the Law of Requisite Hierarchy 
for an advanced economy (Fig. 22) it follows that the difference between the 
maximal and minimal acceptable hierarchy approaches zero with time: 



(26.5) ^min(^)(*) ^max(^)(<) ^ 0 with < ^ oo . 



This does not imply that the corresponding limits of individual freedom 
should approach each other, so that the interval of tolerance would become 
zero. This is easily seen from a simple example. Consider for instance the 
function 



(26.6) = 



with X = ^^niin(^) > ^ = ^max(^) • 



Let us put y = ax, where a is a positive constant that indicates the direction 
in which we want to approach the origin on the plane (x,y). In the now 
relevant directions we have of course a > 1, i.e. f‘max(^) > ^min(^)’ 
we get: 



(26.7) 



f{x,y) 



1-1/a 



X 



-foo with a: — > 0 . 
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In fact it is more likely that the length — of the tolerance interval 
increases than decreases as a consequence of an advancing economy. 

27. The Decreasing Individual Freedom in Societies 
of Stagnant Economy (FINAL RESULT I) 

(1) The defining characteristics 

This is the case of the Law of Requisite Hierarchy in a stagnant society 
(Section 25). In other words, both the optimal regulatory ability S{1Z) and 
the initial uncertainty of regulation | T>) of the economic system are 

constants or nearly constants. From this law and from the Law of Inverse 
Proportionality (Section 26) we have in this case the following consequences, 
which define the type of archaic social development: 

(i) The security and survival of society can be guaranteed only by increas- 
ing social hierarchy, which is the only possibility of improving the effective 
regulatory ability of economy in these societies. 

(ii) There is a permanent and insoluble conflict between security and 
individual freedom: the latter decreases with increasing security. 

Since the pursuit of security tends to dominate political pursuits in any 
society, there is in a stagnant society a permanent trend toward increasing 
hierarchy and decreasing individual freedom. 

(2) The vicious circle of underdevelopment 

(i) The technological level of the means of production and distribution 
is low, the occupational skills are poor, and the market system is weakly 
developed. In entropy terms, £{R) is nearly constant on a low level while 

I V) is nearly constant at a high level. This means economic stagna- 
tion. 

(ii) It follows that social hierarchy keeps growing so that power becomes 
more and more centralized, leading to a dictatorship and, as an extreme 
development, to a totalitarianism of the archaic type. This is political stag- 
nation. 

(iii) As a consequence individual freedom decreases in society, which 
leads to shrinking intellectual and economic initiativeness, and finally to a 
general apathy. This is the most extreme phase of a long-lasting political 
and economic underdevelopment: cultural stagnation. 
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individual freedom 




Figure 23. 

The Law of Diminishing Individual Freedom 
IN A Stagnant Society. 

(iv) Back to square 1: economy cannot grow, the political system cannot 
be relaxed, individual freedom cannot be permitted etc. 

No particular step in this circle can be singled out as the sole reason 
of such an archaic or even archaic-totalitarian development. The economic, 
political and cultural stagnations contribute all of them to the process. But 
in a long-lasting archaic-totalitarian development the cultural and political 
stagnations seem to be the worst obstacles to getting rid of the vicious circle. 
As a last step there then happens the final catastrophe, in which the society 
becomes ungovernable and disappears: 
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(3) The collapse of economy and the disintegration of society 

(i) If the vicious circle is not broken, the level of individual freedom 
sooner or later crosses the lower limit of acceptable individual freedom 

(Fig. 23), and unnecessary hierarchy emerges. At this point of archaic- 
totalitarian development the possibilities of maintaining production and dis- 
tribution with the help of an increased control of society have been ex- 
hausted. 

(ii) As a consequence the economy sooner or later collapses and the 
society disintegrates into smaller parts, where the vicious circle is easier 
to break because of lesser hierarchy, and thus of lesser internal suppressive 
power. This is what happened with the great archaic empires in the end. 
The process is in entropy terms described by the following law illustrated in 
Fig.23. 

The Law of Diminishing Individual Freedom. In a society with 
a stagnant economy the level of individual freedom has a domi- 
nant tendency to decrease and finally cross over the lower limit 
of acceptable individual freedom, as a consequence of which un- 
necessary hierarchy appears and society disintegrates. 

28 . The Increasing Individual Freedom in Societies 
of Economic Growth (FINAL RESULT II) 

(1) The defining characteristics 

The Law of Requisite Hierarchy tells that in this case the optimal reg- 
ulatory ability S{TV) of economy grows while the inherent uncertainty of 
regulation S^{R\D) decreases with time. From this Law and from the Law 
of Inverse Proportionality we can deduce the type of advanced society^ which 
has the following characteristics that clearly distinguish it from the type of 
archaic society: 

(i) Security is now created by economic growth, not by hierarchy. From 

the growth of £{R) it follows that the technology and skills are growing, 
while the decreasing uncertainty of regulatory acts tells that the 

skills of workforce are good and the market system well developed. Thus the 
effective regulatory ability of economy increases with time (Fig. 22). 

(ii) The archaic conflict between security and individual freedom has been 
eliminated: social hierarchy can be reduced, and its relaxation contributes 
both to an improved effective regulatory ability of economy and to increasing 
individual freedom (Fig. 24). 
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individual freedom 




Figure 24. 

The Law of Increasing Individual Freedom 
IN A Society of Economic Growth. 

(2) The virtuous circle of economic development 

(i) The vicious circle of underdevelopment has been broken and economic 
stagnation has been replaced by endogenous economic growth. 

(ii) There is now the possibility to reduce social hierarchy without danger- 
ing security, which means the possibility to build a genuine political democ- 
racy. 

(iii) If hierarchy is reduced, individual freedom is increased. Greater indi- 
vidual freedom leads to a growth of intellectual and economic initiativeness. 
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This is the highest manifestation of favourable economic development, viz. 
intellectual liberty. 

(iv) Back to square 1: the economy blooms. 

Without any doubt the best example of this kind of favourable economic 
and social history is that of the Western societies, which has shown that 
a simultaneous progress in economy, political democracy and intellectual 
freedom is possible. Our argument for the virtuous circle is based on the 
cybernetic entropy laws and accordingly proves that this kind of history is 
a lawful phenomenon connected with endogeneous economic growth. Thus 
it is not just a historical accident that happened in Western Europe but a 
lawful phenomenon that can take place anywhere on the globe. 

Lately many earlier Thirld World countries now called ’newly industrial- 
ized countries’ have confirmed this rule: Once the vicious circle of underde- 
velopment is broken and economic growth gets started, the rest is possible. 

(3) The governable society 

Whether the step (ii) of the virtuous circle, i.e. the offered possibility of 
a genuine political democracy is realized or not depends on certain further 
conditions. Obviously the virtuous circle implies that the limits of acceptable 
individual freedom must not be crossed over. We can call such a society 
governable. To have a governable society two political forces must exist and 
have an access to power in society: 

(i) A political force that prevents the actual level of individual freedom 
in society from exceeding the upper limit of tolerance that would destroy the 
law and order and the governability of this society, and threaten the survival 
of its population or some part of it. This political force implies placing the 
maintenance of law and order in the first place of political priorities. Its 
political doctrine stresses the importance of the formula (see Fig. 25a) 

(28.1) 

Let us call it a conservative political force. 

(ii) Another political force that is able to prevent the actual level of 
individual freedom from passing the lower limit of tolerance and thus save 
the society from the formation of unnecessary hierarchy. This means placing 
the social reforms intended to promote human emancipation and individual 
freedom uppermost in its list of political issues. Its doctrine defines a radical 
political force and focuses on the formula (see Fig. 25 b) 

(28.2) 



c \ crrii Ti 
so ^ So 
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Figure 25. 

The Opposite Political Forces Needed for Maintenance 
OF A Governable Society. 

It is conceivable of course that responsible politicians switch their atti- 
tudes from promoting emancipation to law and order, and vice versa, as the 
situation demands. If the whole population could be equally well informed of 
each topical situation, it might happen that radical and conservative forces 
could unite in one and the same political movement. But in the kind of mass 
societies that we are living in modern times, with their enormous popula- 
tions, this must be less probable. Therefore it is likely that conservative and 
radical forces materialize in two different political movements that empha- 
size opposite political ideas and draw their supporters from different groups 
in society. This suggests still a third condition of political democracy: 

(iii) The crises of governability of the society can be best avoided, if a 
conservative political movement and a radical one, with opposite political 
agenda, can simultaneously exist in society and each of them has the real 
possibility of coming quickly to power when the situation demands it. 

We know that political democracy in its modern Western form in fact 
was born in such a way in the medieval England. From such a beginning the 
Anglo-Saxon two-party parliamentarism was later developed, i.e. a political 
system where only two major parties exist, and the mandate of government 
is automatically given to the winner of general elections. This makes possible 
a quick political change. In continental European many-party system based 
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on proportional representation dominates, and the changes of political course 
are often the object of lengthy negotiations between a number of political 
parties. Thus quick political changes are harder to accomplish. 

Note In a favourable developing society, where economic growth goes 
on, both the upper and lower limits of individual freedom are rising as il- 
lustrated in Figures 24 and 25. It follows from the Law of Inverse Propor- 
tionality that hierarchy must then be progressively dismantled. Let it be 
emphasized that this does not mean that a political panacea — a kind of 
’moderate radicalism’ — could ever exist. Its existence would require that 
every member of the population would have a perfect information about 
the surrounding world. This condition of course is never fulfilled. On the 
contrary, no human being has a perfect knowledge of the world. Hence no 
political panacea for taking care of all situations can exist. 

Note 2. On the other hand, the substantial content of ’radicalism’ and 
’conservatism’ usually changes with time. What was radical in one situa- 
tion may be conservative in another situation, and vice versa. To take an 
example, the policies called ’progressive’ or ’liberal’ were no doubt radical 
during the period of building of the welfare state in Western democracies. 
But they soon created massive bureaucracies and hierarchies of their own, 
to be again dismantled by another kind of radicalism. Each situation creates 
its own radicalism and its own conservatism, independently of the name or 
title of the political party in question. The name ’Radical Party’ does not 
guarantee its radicalism in changing situations, and a ’Conservative Party’ 
may as well be radical in some new situation. 

Note 3. Let it be also mentioned that when economic and social de- 
velopment is allowed to go unhampered, one of the most striking social 
concequences is the growth of the middle classes. This often tends to de- 
tach political convictions from any class background. As a result politics in 
societies of endogeneous economic growth tends to become more and more 
based on rational rather than emotional arguments. 

(4) Crises of governability 

(i) Too many liberties taken and tolerated in society. As a consequence 
the level of individual freedom in society exceeds the upper limit of tolerance, 
as illustrated in Fig. 26. In entropy terms we have the situation 

(28.3) 

A case in point is the terrorism carried out by some groups of people thus 
disrupting law and order in a way that threatens the survival of parts of the 
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Figure 26. 

Too Many Liberties Taken and Tolerated. 

population. A full-scale social revolution also leads, for some period, to a 
similar breakdown of law and order, and again the survival of some part of 
the population is threatened. From revolutionary frenzy there is only a small 
step to too excessive social reforms generally, which attempt to dismantle 
the traditional social order too quickly. Again law and order may be shaken 
and the survival of parts of population threatened. 

In all of those situations society is ungovernable as long as the situation 
lasts. When people realize that the legal society has become unable to 
protect them from terrorism, or from revolutionary fury, or against general 
chaos, they tend to take law and order to their own hands trying thus to 
survive as best they can. The situation is perhaps best known from the 
frenziest moments of the French and Russian revolutions, but something 
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Figure 27. 

The Birth of Unnecessary Hierarchy. 

approaching that kind of chaos exists in a smaller scale in other crises of law 
and order as well. 

(ii) Unnecessary hierarchy is created in society. This case is opposite to 
the one just discussed. Instead of too many reforms made too quickly, no 
reforms are made in due time, as a consequence of which the level of individ- 
ual freedom falls behind economic development and unnecessary hierarchy 
is born or, in entropy terms (see Fig.27): 

(28.4) io < C’”- 

There is a historical situation where this is more likely to appear than 
in any other times, viz. just when a traditionally immobile or only slowly 
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growing economy for the first time starts the continuous growth character- 
istic of modern Western societies. In this situation both limits of tolerance, 
indicating the economic growth, are rising quickly after having been constant 
or nearly so until then. It follows that if traditional hierarchy lingers on, the 
graph indicating the development of the actual level of individual freedom 
sooner or later crosses the lower limit of tolerance (Fig. 27). This means that 
what was tolerable hierarchy before is not tolerable any longer but appears 
now as unnecessary hierarchy. 

If economy goes on to grow while the ancient hierarchy remains there, 
we have what has been called a revolutionary situation^ meaning that if a 
full social revolution is ever to take place in the society in question, then 
this is the most likely time for it. Indeed both of the most typical social 
revolutions, the French and the Russian ones, took place in such a situation. 
The French economy, after having been developing rather slowly, took a 
great leap forward during the 18. century, while the autocracy that Cardinal 
Richelieu in 17. century had helped to create as a part of his ’Great France’ 
policies, did not budge. As we know the revolution started in 1789. In 
Russia, after a thousand years of underdeveloped economy, a boom started 
towards the end of 19. century, producing in the 1890s the largest annual 
rates of growth that the gross national product in Russia (or later in the 
Soviet Union) could show ever since. This together with the immobile regime 
of the tsar created the conditions favourable to the revolutions attempted in 
1905 and performed in 1917. 

These facts and their historical backgrounds are no news to anyone who 
has studied economic history. Only confident people, whose hopes for better 
times have been already raised by a suddenly better economic development, 
are ready to take part in a social revolution. But Marx was entirely wrong 
in supposing that full-scale social revolutions would be necessary tools of 
historical development in general. They are neither necessary nor desirable 
but simply symptoms of serious political failure leading to a loss of govern- 
ability of the society. Their damaging effects are discernible long after the 
event in the form of an unstable social development. 

Social revolutions illustrate both of the crises of governability discussed 
above: too much liberties are first taken, followed by repressive hierarchy. 

(5) Social revolution as a loss of governability 

Let us again consider a society that has failed to dismantle its traditional 
social hierarchy when economy has already started to grow, and we have 
accordingly the situation illustratated in Fig. 27. What comes next? 
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If a radical enough political force exists to accomplish a full-scale social 
revolution, the entropy laws suggest that society will be pushed through four 
successive phases as follows: 

(i) The lingering revolutionary situation: no changes in prevailing social 
and political conditions. 

(ii) The heroic period : a sudden burst of individual freedom, as a conse- 
quence of a popular mass attack against the traditional institutions of power, 
during which the government is overthrown and a provisional revolutionary 
authority is created. 

(iii) The period of anarchy: the actual level of individual freedom exceeds 
the upper limit of tolerance, as a consequence of which law and order gives 
way to terror and anarchy, which threatens the survival of some part of the 
population. 

(iv) The restoration of power and privilege by building up compensative 
hierarchy: a new hierarchy of power and prestige is created while the ’revolu- 
tionary’ leadership stabilizes its power, often not less suppressive than that 
of ancient regime. The establishment of compensative hierarchy is necessary 
in order to restore the lost governability of society. After that society first 
shows unstable political development but slowly returns to normal condi- 
tions, sometimes worse than those before the revolution. 

Example. In the French Revolution of 1789 the four successive periods 
are easy to identify: (i) After hundreds of years of the period known as 
’immobile history’ (Le Roy Ladurie 1974), the French economy began to 
grow briskly during the 18. century, thus creating a revolutionary situation, 
(ii) The heroic period can be dated between the start of the revolution and 
the 8 August 1892, when the Jacobins grabbed power, (iii) The regime of 
terror followed and came to an end with the execution of Robespierre on 26 
July 1794. (iv) Then the building of compensative hierarchy started, first by 
the ’directorial government’, later by Napoleon. However, the after-effects 
of the revolution were long visible in the unstable development of French 
society and its political system through the 19. century, with the successive 
alternations of restored kingdom and new republics. The stability was not 
reached before the establishment of the Third Republic in 1870. 

It is not difficult to identify the corresponding periods in the Russian 
Revolution and its aftermath: the heroic original phase, the period of an- 
archy in the time of ’war communism’, the restoration of hierarchy during 
Lenin and Stalin, and various attempts at ’liberalization’ later on. 

The four phases of a full-scale social revolution are illustrated in Fig. 28. 
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Figure 28. 

The Four Phases of Social Revolution. 
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(6) Social effects of an environmental catastrophe 

This is another type of a rather permanent loss of governability. Oth- 
erwise than a social revolution it may happen also in a stagnant society, as 
it is caused by a sudden unfavourable environmental change followed by a 
collapse of economy. If the natural surroundings where the population of a 
society is living suddenly becomes dangerous in a new and unexpected way, 
this means a rapid increase in the arsenal of external disturbances to society, 
and thus in the entropy £{V) of disturbances. Economic activities are ham- 
pered, as a consequence of which both limits of tolerance suddenly plunge 
(Fig. 29). It may then happen that the actual level of individual freedom 
crosses over the upper limit, since what was normal before is not normal any 
more but has become a luxury that society cannot maintain. 




Figure 29. 

An Environmental Catastrophe in Entropy Terms. 
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In the changed circumstances the former level of individual freedom can- 
not exist but sooner or later falls down until society becomes governable 
again, with its new and lower level of individual freedom between the new 
and lower limits of tolerance. 

A sudden worsening of the environment must have been a frequent ex- 
perience in small primitive communities, which could unexpectedly face a 
new hostile tribe or new dangerous beasts. Later on nomadic communities 
especially were exposed to this kind of peril. An epidemic disease is still 
another kind of environmental threat: as shown by Le Roy Ladurie what 
he called the ’microbial unification of the world’ took place after the great 
explorers had opened the routes for seafaring and trade all over the world 
(Le Roy Ladurie 1973 a). As a consequence many European societies expe- 
rienced minor or major economic collapses as before unknown diseases killed 
population. 

Example, A case in point is the sudden deterioration of environment 
combined with the collapse of economy, which followed the arrival in 1348 
of the plague to Europe. Originally brought home by seamen coming to the 
port of Marseilles from the Middle East, the plague soon spread all over 
Europe. It reduced the population in England and in France, for instance, 
to half of their previous magnitudes, and an economic catastrophe was born 
simply because of the lack of manpower. In France economic production did 
not reach the pre-1348 level again until in the middle of 15. century (Le Roy 
Ladurie 1973 b). In such situations legal society loses the control of events, 
and people are left to survive by any available means, including the killing 
of each other. 
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29. The East and the West: Two Different Worlds 

The Western Europe developed minor local societies of economic growth 
toward the end of 11th century, starting in the cities of the Mediterranean 
area — and possibly already in the new feudal states a few hundreds of 
years earlier. The exact date cannot be given, not even at an accuracy of 
a century, since reliable numbers are lacking. But since the 11th century 
there are rather reliable numbers based on the yield ratios calculated from 
tax and other statistics. Some numbers exist in fact since 810 AD^. From 
the very beginning a difference appears between the East and the West. The 
yield ratios in Russia remained at a low constant level until the end of 18th 
century, while those in the West steadily increased. 

If one sown seed produces on the average a harvest of five, we have the 
yield ratio a = 5 (sometimes the definition 1/a is preferred). The numbers 
a shown in Table 17 are good enough indicators of the progress in farming 
methods, both the tools and skills included. The numbers of Western Europe 
are averages over the leading countries in Western Europe excluding for 
instance the Scandinavian countries, where progress was slower because of 
the colder climate and reached the value a = 6 first in 18th century. All the 
numbers have been averaged over years. In Russia especially the yield ratio 
could vary as much as between 2 and 5 in two successive years, depending 
on weather conditions. 



Table 17. 

The Average Yield Ratios in Europe 1100-1800. 



Century 


Western Europe 


Russia 


1100-1300 


3 to 4 


3 


1300-1500 


5 


3 


1500-1600 


6 


3 


1600-1700 


7 


3 


1700-1800 


10 


3 



^B.H. Slicher van Bath, Yield ratios 810-1820, in Afdeling Agrarische Geschiedenis, 
Bijdragen No.lO, Wageningen, The Netherlands 1963. 
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The yield ratios tell about the efficiency and technological level and skills, 
not of course about the magnitudes of the total yield. The latter depends 
also on the size of cultivated area. It follows that the population in a cer- 
tain country may well grow and yet retain a constant standard of living as 
indicated by constant yield ratio, provided that the total cultivated area has 
increased. This is what happened in Russia , where there was no shortage 
of land to limit the size of the cultivated area. Thus the Russian population 
grew from the estimated 5-12 million in 16th century to 17-18 million in the 
mid 18th century, to 68 million in 1850, to 124 million in 1897, and to 170 
million in 1914. But the whole dramatic growth of population was based on 
the equally drastic growth of cultivated area, as a consequence of politics of 
expansion, and not by an increase in yield ratio. The latter as a permanent 
phenomenon did not take place before 19th century. 

There is an interesting limit of yield ratio worth of mentioning here. 
It is generally agreed that the yield ratio a > 5 is necessary for support- 
ing any significant city population that does not participate in agricultural 
production. We can see from Table 17 that yield ratios started to grow in 
Western Europe in 12th century and reached the limit a = 5 during 14th 
and 15th. All these centuries were the formative years of Western European 
trade and wealth, first noticeable in the Mediterranean city states. During 
these centuries a remarkable growth in city populations, engaged in trade 
and handicraft, occurred in Western Europe. 

In Russia the situation was entirely different. Cities developed even there, 
but for the most part the city people in Russia had to engage themselves in 
agriculture as well as in other subsistence activities. Russian tradesmen, for 
instance, lived in particular areas of the town, assigned and hired to them 
by the tsar, and most of them had to farm as well. On the other side of the 
fence the rural people in Russia used to occupy themselves with handicrafts, 
which further reduced the difference between urban and rural populations. 
Over most of the centuries included in Table 17 the proportion of the Russian 
population that was virtually living as rural workers was as high as over 99 
% (the initially tjaglo-obliged part of the population^). 

Prom the point of view of the present book, the yield ratios are interesting 
mainly because they are fairly good indicators of the regulatory ability of 
agricultural production. But agriculture remained to be the principal means 
of living in all countries well until 18th or 19th century. Those numbers 
accordingly tell that in Western Europe there was a continuous improvement 

^Richard Pipes, Russia under the Old Regime, Weidenfeld and Nicolson, London 1974, 
p. 98. 
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Figure 30. 

An Illustration of the Increase in Economic Efficiency 
IN Western Europe and of the Stagnation in Russia 
FROM llTH TO 18 tH CENTURIES. 

in the effective regulatory ability of those mainly agricultural economies ever 
since 12th century. There was a small acceleration of its growth during 16th 
and 17th centuries and a greater leap forward during the 18th. This is 
roughly illustrated in Figure 30, by indicating the corresponding increase 
in the upper and lower limits of toleration. But in Russia no permanent 
increase in the effective regulatory ability and thus in those limits appeared 
over all those centuries, indicating a persistent economic stagnation. 

30. The Eastern Tradition of Stagnant Societies 

1. The archaic world. The social development leading from the pre- 
historic small primitive communities toward the great temple states of the 
first historical era is of course the first and clearest example of what was 
called in Section 26 archaic or archaic-totalitarian development. One can 
mention two obvious milestones in this early growth of social hierarchy: 

— The myth of sacrifice and redemption. It is not known at exactly 
what stage of primitive culture this myth first appeared. But it has been 
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shown by A. E. Jensen that the ’’most characteristic examples”, to quote from 
Mircea Eliade^, occur among the palaeo-cultivators, that is to say, among 
the first cultivators of tubers. Thus there seems to be a historical link 
between the birth of agriculture and the ’’first tragic and pathetic myths” 
(Eliade,ibid.). This meant the beginning of human sacrifice, which suggests 
a first remarkable step in the strengthening of social hierarchy. 

— The akitu ceremonial. With its roots in the Sumerian period this 
ceremony was the core of the new year festivals in Babylonia. In themselves 
such festivals were an old tradition, but ’’the new year scenarios in which the 
creation is repeated are particularly explicit among the historical peoples, 
those with whom history, properly speaking, begins — that is, the Babylo- 
nians, Egyptians, Hebrews, Iranians”"*. What makes the akitu ceremonial 
so particular is the fact that it is the first case known from history in which 
the sovereign assumed the role of representing the divinity on earth. Hence 
the akitu marks the beginning of the archaic totalitarianism proper. 

This development from primitive communities to the temple states took 
place first in the area of the old heliolithic culture, extending from the 
Mediterranean to the Indian Ocean. In this area it started about 10 000 
BC. But the most wellknown and presumably the largest temple states are 
those of Assyria and Babylonia (since c.4000 BC), and Egypt (first united 
c. 3000 BC). Much later (c.lOOO AD) similar theocratic states were born on 
the American continent, the largest of them being those of the Inkas and the 
Azteks. 

A more advanced type of archaic empires were born in Europe, begin- 
ning with the Roman empire and the heir of its eastern part, the Byzan- 
tium. As we know these European archaic empires were less hierarchical 
than their predecessors in the Middle East, Asia, and Africa. And we know 
that the Rome already developed some elements of democratic institutions 
and justice, part of which followed the models of archaic city states in ancient 
Greece. 

But all these archaic empires were societies of rather stagnant economy, 
where social hierarchy grew continuously according to the Law of Diminish- 
ing Individual Freedom (Section 26). The common fate of all archaic empires 
was to disintegrate in the end, and this disintegration can be in all the known 
cases traced back to the internal economic, political, and cultural stagnation 
as parts of a vicious circle (Section 26), even though external enemies often 

^Mircea Eliade, Myth and Reality, London 1964. 

^Mircea Eliade, The Myth of the Eternal Return Or, Cosmos and History, 2nd Prince- 
ton/Bollingen paperback printing. New York 1974. 
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gave the final coup de grace. 

2. How Russia cut itself off from the West. The Eastern Slavs, 
later to be known as Russians and Ukrainians, migrated from the West ap- 
proximately to the area they are living now between 7th to 9th centuries. 
The prevailing agricultural technique in the forest zone, where they mainly 
resided, was ’slash-burn’: the forest was burned, the land exploited for cul- 
tivation over some years, after which people moved on. 

Roughly from 9th to 19th centuries agricultural efficiency, measured in 
terms of yield ratios, did not permanently improve in Russia. During these 
thousand years the economic circumstances in Russia in this sense corre- 
sponded to those met in the archaic societies. Even feudalism in Russia 
differed radically from its Western models. Asking for the reasons of the 
backwardness of Russian economy over all these centuries brings us first to 
the particular geographical factors that moulded the habits of cultivation. 
Huge areas of land and forest were available in the East, unlike in Western 
Europe. This made it possible to burn and till, and always move to fresh 
fields, which led to a kind of half nomadic life, in which no need appeared for 
developing agricultural methods. Simultaneously the limitless land was able 
to support an ever growing population, to live on the same low standard. 

If lively markets would have been there, they could have kicked the stag- 
nant economy into life and made productivity to grow. But whence could 
markets have turned up? In Russian area there was none of the vivacious 
intellectual and commercial intercourse that flavoured and enlivened the 
Mediterranean life. The Russian peasant stood on his vast and flat land, 
facing the high blue sky, immovable and stern, making the passions grow 
but paralysing activities of the mind. 

For a fleeting moment in the early history of Russia there existed a possi- 
bility that could have pushed the Russian mind into moving in step with the 
Western European one. This was the time in 9th century when the Normans 
came down the Volga and Dniepr, raided Constantinople, and opened a trad- 
ing route through Russia. Trade between Western Europe and the Middle 
East used that way as long as the Islamic empire closed the Mediterranean 
from the Christians. But the crusades made the Mediterranean route avail- 
able again, and after the conquest of Constantinople by Christians in 1204 
most traffic along the eastern route was over. Thus the enlivening influence 
of the Western European type of markets upon Old Russia, or Rus as it was 
called, remained short-lived. Rus, the Norman state in the south of Russia 
with Kiev as its capital, quite otherwise than the Norman state in feudal 
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England, never became a seed of future social and economic progress. In 
13th centure Rus was invaded and conquered by the Mongols. 

Yet the Norman influence lingered on in the north of Russia, in the 
city states of Novgorod and Pskov, through the Mongol era until 15th cen- 
tury. These northern city states were the eastern ends of trade, over the 
Baltic Sea, with the Hanseatic League of which they became active mem- 
bers. This important connection with the West contributed to the creation, 
out of Novgorod and Pskov, autonomic commercial cities according to the 
Western model, with city bourgeoisie greatly resembling its opposite number 
in Western Europe. 

However, the thriving existence of city states in noth western Russia came 
to an end when Ivan III, Great Prince of Moscow, defeated Novgorod’s 
armies in 1471, and annexed the city in 1477. After that the chronology 
of Novgorod reports massive land expropriations and, in 1484 and again in 
1489, massacres combined with deportations of its leading citizens to inland 
Russia. In 1494 the Hansa depot in Novgorod was shut down. The story 
of Novgorod ends here. What remained was a minor Russian town among 
many others equally suppressed by the Moscow tsar. One last item in its 
history tells of new massacres of its inhabitants when Novgorod in 1570 was 
razed on orders of Ivan IV. 

Thus the extermination of the remnants of Norman regime in Russia, 
began by the Mongols, was completed by the Muscovite tsars. The influence 
of Western-European freer markets and relaxed hierarchy was uprooted, and 
Russian feudalism ushered to its Eastern course, closer to the social order 
of ancient archaic societies than to the new European model. The Russian 
feudalism preserved the archaic society with its stagnant economy and ever 
increasing hierarchy, in accordance with the Law of Diminishing Individual 
Freedom. 

3. The development of Russian totalitarianism. The Byzantium 
is the direct historical link from archaic empires to the Russian totalitari- 
anism of modern times. While the empire of Western Rome collapsed and 
disintegrated into small parts in the fifth century, the eastern part of the 
Roman empire — the Byzantium — continued a thousand more years, only 
to give room in 1453 to another archaic empire created by the Turks. When 
after a chaotic period a lively economic, political and cultural development 
began in Western Europe upon the ruins of the Roman empire, the archaic 
tradition of the Byzantium was retained in Eastern Europe, with all its sup- 
pressive effects on human activities. This is the archaic heritage with which 
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started the Russian state, for the first time united to a large empire by Ivan 
III (1462-1505) toward the end of the fifteenth century. 

The stepwise development of the Russian society toward the totalitarian 
state, which it became in the twentieth century, actually began before it 
constituted a united empire and even before it was a state. Following Richard 
Pipes^, a well-known authority of Russian history, we can single out certain 
steps for their utmost importance in this development: 

— The Byzantine tradition of votchina. This ancient Russian term for 
property is equivalent of the Latin ’patrimonium’ and, like it, ’’denotes goods 
and powers inherited from one’s father... No distinction was drawn be- 
tween the various forms of property: an estate was votchina, so were slaves, 
and valuables, and fishing and mining rights and even one’s very ancestry 
or pedigree. But so too, more significantly, was political authority which 
was treated as if it were a commodity.” (Pipes, ibid. ,p. 41.) A Western ob- 
server called the Russian type of government still in the sixteenth century a 
’seigneurial’ regime, where ’’the prince has become the lord of property and 
persons and ... rules over them like the head of a family rules over his slaves” 
(Jean Bodin in 1576)^. He remarked that this kind of regime did not exist 
any more in Europe, except in two states: Turkey and Russia, the closest 
followers of the Byzantium. The Byzantine tradition of patrimonial owner- 
ship was very old, but it was also adopted by the Great Prince of Moscow 
who in his will in 1389 defined his principality as his vochina. Later the 
Russian tsars extended this concept to the whole empire. 

— Mongolian conquest (1238-1476). It added to the strictly hierarchical 
Byzantine tradition a brutalizing Asian effect, to which still today testify 
the many Russian words of Mongolian origin that refer to rude violence: 
nagaika (a whip), kandaly and kaidaly (chains), kabala (a form of slavery) 
etc. The Russian princes were used as collectors of slaves and taxes for the 
Mongolian khan. In the course of the process they adopted the brutal ways 
of their masters in treating people. The absolute power of the Mongolian 
khan was inherited by the Great Prince of Moscow when he ceased to pay 
taxes to the khan in 1480. 

— The defeat of Novgorod (1471-1494)- As was mentioned already, the 
cities in northwestern Russia, founded by the Vikings during ninth and tenth 
centuries, were developed to autonomous city states of the Western type with 
lively commercial and other contacts with the West. Novgorod was the most 

^Richard Pipes, Russia under the Old Regime, Weidenfeld and Nicolson, London 1974 
® Jean Bodin, Six Books of Commonwealth, the English translation in 1606, originally 
published in 1576-86. 
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important of these Hanseatic cities in Russia. With its destruction by Ivan 
III the history of the Western type of development toward relaxed hierarchy 
and growing economy in Russia was in the end. 

— Oprichnina terror (1564’-1572). During those years Ivan IV ”the Terri- 
ble” crushed what was left of the independent position of Russian aristocracy. 
Those princes and boyars who survived the terror were taken into the ser- 
vice of the tsar — who now considered the whole country as his vochina — to 
administer for him the many economic, juridical, military and other affairs, 
into which the absolute power of the Russian tsar now began to penetrate. 
(By the way the term ”tsar” comes from the Russian spelling of Caesar — 
tsezar. Ivan IV had created this title in 1547.) After the oprichnina there was 
no notable private property in Russia, and if a merchant succeeded to col- 
lect some, it was soon confiscated and taken by the tsar. With non-existing 
private property no middle classes could develop, and thus no investors in 
technology and other progress. To be sure, Ivan IV in 1570, ”in a spell of 
madness, had Novgorod razed to the ground; the massacre of its inhabitants 
went on for weeks on end” (Pipes, ibid, p. 83). 

— Contractless feudalism. Otherwise than in Western Europe the Rus- 
sian feudalism was never based on contracts. This seems to have originated 
from the nomadic nature of ancient Russian agrigulture (see paragraph 2). 
Thus permanent bonds with feudal lords could not exist. A kind of con- 
tractless feudalism had appeared in Russia before the Mongolian conquest 
already. But also the feudalism proper that began in Russia first in the 
seventeenth century was contractless. Thus the political decentralization, 
vassalage, and conditional land tenure, so characteristic of West- European 
feudalism, ’’either were unknown in Russia or, if known, appeared in an en- 
tirely different historical context, producing diametrically opposing results” 
(Pipes, ibid, p.49). 

— The Code of 1649. This Code meant a drastic prevention of free move- 
ment of Russian citizens. In words of Pipes: ’’The Code of 1649 provided in 
Chapter VI, Articles 3 and 4, that Russians who had gone abroad without 
authorization [by the tsar] and then, upon their return, were denounced for 
having done so, had to be questioned as to their motives; if found guilty of 
treason they were to be executed, but if making money was their purpose, 
then they were to be beaten with the knout. The principal reason for such 
draconic measures was fear of losing servitors and income. Experience indi- 
cated that Russians familiar with foreign ways did not wish to return home.” 
(ibid, ,p. 110-111) But the Code of course made impossible the development of 
a market system in Russia. Other articles of the Code of 1649 made it com- 
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pulsory to inform the government, i.e. the tsar, of any actions that could be 
detrimental to governmental interests, especially to the collecting of taxes. 
This meant introducing of a massive system of mutual denunciation among 
the Russian citizens, which was sharpened by the collective responsibility of 
a tax-paying community in the payment of taxes. 

— The Code of 1845. The penalty of death not only for a subversive 
deed but also for a subversive thought — an old idea expressed also in the 
Code of 1649 — returned to Russia, after some periods of more liberal govern- 
ment during the reigns of Catherine II (1762-96) and Alexander II (1855-81). 
’’Particularly innovative in these provisions is the failure to distinguish deed 
from intent — a blurring of degrees of guilt characteristic of modern police 
states... One is justified in saying, therefore, that Chapters Three and Four 
of the Russian Criminal Code of 1845 are to totalitarianism what the Magna 
Carta is to liberty.” (Pipes, ibid. ,p. 293-295.) 

— The vicious circle in Tsarist Russia. To the stagnation of political and 
cultural development in Russia over the centuries until about the middle of 
nineteenth century there corresponds economic stagnation. Thus the vicious 
circle was produced. Economic stagnation has been best verified for the pe- 
riod 1100-1820 by studies concerning agricultural productivity in Europe, 
by using the methodology discussed in Section 28 above. (The same method 
has been later much applied, especially by the annalist school of French his- 
torians.) The Law of Diminishing Individual Freedom (Fig. 23) accordingly 
applies in all its strength already to this period in Russian history. 

— A revolutionary situation appears. The economic stagnation was over 
when both cultural, political and economic life enlivened in Russia toward 
the end of the nineteenth century. The resulting boom was vigorous enough 
to produce rates of economic growth which have never since been reached in 
Russia or in the Soviet Union. It also took in 1913 already the country to 
the fifth place in industrial production in the whole world, after the U.S.A., 
Germany, England, and France. However, the power hierarchy lingered on 
and was not dismantled so as to fit in with the improving economic situation. 
Thus the classical revolutionary situation (Fig. 27 or 28) was produced in 
Russia at the beginning of 20th century, just like it had been produced in 
France toward the end of the 18th. 

— The Communist regime (1917-1991). The absolute power of Russian 
tsars was never very efficient because of its inefficient implementation by the 
servitors of the tsar. It never extended into all realms of life. Hence one can 
say that, even though it was absolute, it was not totalitarian. The period 
of totalitarian regime in Russia started first with the Communist October 
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Revolution in 1917. It reached its height of course under Stalin, during a pe- 
riod that began with the purges of the ’Left Opposition’ (Trotsky, Kamenev, 
Zinovjev) and the Buharinians or the ’Right Opposition’ at the end of the 
twenties. The October Revolution did not at once destroy the economic 
system: Lenin’s New Economic Policy (NEP) in the twenties even returned 
some private property to the country previously owned by the tsar. But after 
a first revolutionary enthusiasm, terror took power in its new Communist 
disguise, and sooner or later both cultural, political and economic indexes 
were to show red again. When exactly this happened is impossible to say, 
since the most objective indexes, viz. the economic ones, were themselves 
rigged. 

Conclusions from Section SO: 

The sad history of the archaic world and its continuation in Rus- 
sia show the vicious circle of underdevelopment in its most brutal 
form — the development that ended in an economic collapse and a 
disintegration of society, as predicted by the Law of Diminishing 
Individual Freedom valid in stagnant societies. 

31. The Relaxed Hierarchy of Western Feudalism 

1. The separation of divine and earthly powers. With the disin- 
tegration of Rome, the latest archaic empire in Western Europe, in the 5th 
century a new political situation was born, not met elsewhere in the world at 
that time. While archaic societies persisted in the other parts of the world, 
something new could start in Western Europe upon the ruins of the Rome. 

Why did this happen just in Europe? One could expect it somewhere 
in the area extending from the Mediterranean to the Indian Ocean, which 
was since the heliolithic times the region of higher civilization on the globe. 
But why just in the Western end of this region? Was the milder climate 
the decisive factor or was it the ragged geography of Europe with its fractal 
shoreline and numerous bays that made excellent locations for harbours and 
thus for trade? Maybe all this contributed already to the formation of the 
somewhat relaxed types of archaic societies, such as the city states of Greek 
antiquity and the Roman empire, in the Mediterranean theater? 

Be it as it may but history for some reasons chose the Mediterranean area 
as the place where archaic-totalitarian political systems began to break for 
the first time. Still one should not pay too much attention to the Greek city 
states where the word ’democratia’ originated and where, according to his- 
tory books, the first ’democracy’ was established in Athens in 460-461 BC, in 
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the middle of the Persian Wars. The ancient Greek democracy was entirely 
different from what we today mean when speaking of Western democracy. 
These Greek city states were, after all, archaic societies based on slavery. 
The political ideal as described by philosophers, e.g. in Plato’s famous ’Po- 
liteia’, was almost entirely totalitarian and dominated by the archaic myth 
of eternal return and the related cycle theory according to which everything 
that happened in the world was repeated periodically. No political change 
was encouraged by the belief that everything was predetermined and any 
change doomed to be temporary. The turn of history from archaic societies 
toward the modern world had still many centuries to wait. 

After the collapse of the Roman empire no ’leading force’ existed in Eu- 
rope that had been able to claim a similiar kind of authority. The Pope after 
all had no armies, at least not on a permanent basis. Although the Catholic 
Church had its spiritual power over people’s minds, in warlike conflicts it has 
to trust on the conversion to Christianity of those German warlords who now 
one by one conquered Rome. It was the first time in the history of mankind 
that divine and earthly power parted from each other. This split of power 
can be considered as the decisive factor for the more relaxed development 
that now followed in Western Europe. 

It followed from that separation of powers that the new political organi- 
zation in Western Europe, the feudal state, stood only for a military and not 
religious-ideological leadership. As much as many kings desired it, the Pope 
would not and could not — without giving up the very foundation of the 
Catholic faith — surrender any part of his religious authority to an earthly 
power. But then no king could claim a position comparable to the absolute 
power of the Pharaohs, or even the Roman emperors, as his leadership could 
no longer be given a religious backing by deriving it from God. It was the 
Pope, not the king, who represented God on earth. As soon as this split 
between divine and earthly power became established in Western Europe, 
the relaxation of power hierarchy started there. It created the prerequisite 
for the individual initiative that first manifested itself in the flourishing life 
of Italian city states, the engines of a new age. 

It is significant that the European way of life was born in Italian city 
states of Venice, Genoa, Florence, Milan and later especially in the free 
ports of Western Europe — Lisbon, Amsterdam, London, Hamburg. Small 
was beautiful then already, since it is always a creative individual who creates 
new ideas and starts a new kind of activities. Small active groups around 
such individuals, working in a relaxed atmosphere of small, independent 
communities — this was the formula of discovery and novelty then as well as it 
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had been in ancient Greek city states already, was now in Western- European 
commercial centres, and today in places like Silicon Valley. Technological 
inventions bearing on trade and seafaring, from astronomy to shipbuilding, 
made it possible for those commercial centres to spread their markets far 
beyond the European boundaries to the rest of the world. 

2. The continental feudal state. A feudal system started to take 
shape in the kingdom of the Franks during the Meroving kings (481-751), 
but it became more pronounced first during the age of Charlemagne (768- 
814). At the same time it also spread to other countries conquered by the 
Franks, which consisted not only of France, Germany and Northern Italy 
but also what is now called the Benelux countries. 

Western feudalism, with its relaxed and split hierarchy of power, was a 
first step in the favourable socio-economic development in Western Europe. 
In Russia no comparable separation of powers took place. At the top of the 
West-European feudal state was the king. But a feudal king was much less 
than a Pharaoh or other theocratic emperors of the archaic world. Lacking a 
religious background his power was far from being absolute. He was mainly 
the highest warlord in the state. Such warlords were much in demand in 
Western Europe after the collapse of the Roman empire, with many criss- 
crossing armies fighting each other for power. King’s position thus originated 
as that of a winning warlord. But soldiers had to be drawn from some fixed 
population, and agriculture was still the main source of wealth and sub- 
sistence. These two factors tied the king and other feudal lords to landed 
property and a settled population cultivating the land. Add the religious 
hierarchy that was necessary even within each feudal state, and you have 
collected the pieces from which feudal order was composed. 

— The feudal echelon of power. In that order the main strings of power 
stretched from the king through an echelon of various vassals down to ordi- 
nary people, the bulk of whom were serfs. If we look, by way of an example, 
to the feudal state such as it existed in France and Germany in 11th century, 
we find next to the king in hierarchy the king’s vassals, also called throne 
vassals or barons. Some of them were high officials of the Church, the rest 
being princes, dukes and highest counts, all of whom were sometimes con- 
vened by the king to sessions of the king’s council. This was an organ where 
ecclesiastical and military power met under the leadership of the highest 
military chief, the king. 

It was up to the king to decide when to wage a war and against whom. 
But through the king’s council he had to consult his vassals. The secular 
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throne vassals were also his military commanders. Though originally all 
landed property in a feudal state belonged to the king, a great part of it was 
from the very beginning given as fiefs to the throne vassals, both clerical and 
secular ones having their share. The throne vassals in turn had vassals of 
their own, the latter had their own vassals and so on down the whole echelon 
of the feudal state, through counts and Freiherren (in Germany) to the lords 
of a single castle. 

All this landed aristocracy in practice owned their fiefs, since the fief 
was granted to a vassal by a contract he had made with his feudal lord, and 
the contract could not be broken by the lord unless the vassal violated the 
pledge of feudal loyalty he had given. Besides, it was not for the king or the 
lords to decide whether a vassal’s loyalty had been violated or not, but this 
important decision had to be taken on the level of the vatssal concerned, i.e. 
by his equals. This at least was the general principle, and it is astonishing 
to find out how well such a power system, based on contracts and loyalty, 
worked in feudal times. It became soon usual that the strongest vassals 
could leave their fiefs as a heritage to their descendants. This of course 
consolidated the position of nobility in regard to the king, and was prone to 
reduce the possibility for the king to establish the absolute power. With the 
feudal state, the time of absolute power had passed off in Western Europe. 

— Vassal’s remarkable rights. The main duties of vassals consisted of 
their military service to their lords. But in normal times the service was 
limited. It could take, for instance, from an owner of a single castle, about 
forty or sixty days annually. War was a different business. In wartime each 
vassal had to collect his own army, drawn from the population that inhabited 
his land, and join the king to defend the country or, more often than not, to 
conquer some piece of land from other kings. 

The vassals had also to collect and pay taxes to the king, But in normal 
times — if peaceful times can be called normal during those ages full of 
military escapades — much of the king’s power was actually delegated to the 
vassals. It was the lord of the castle or, in more serious cases, some higher 
vassal — not the king — who usually settled the quarrels and dispensed 
justice. In France there was since 13th century also an organ called the 
Parliament of Paris, which however was a purely juridical institution for the 
settlement of the worst strifes. 

The net effect of all that protection of vassal’s rights was a considerable 
reduction in the power of the king. This indeed must be considered as the 
starting point of Western democracy. Later on we shall see how the control 
of power by means of a system of contracts was extended to cover most uses 
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of power in Western society. 

— The relieved position of serfs. But the relaxation of hierarchy that 
started in the feudal state extended to lower classes as well. A serf was not a 
slave. He had an independent economy and household, which most slaves in 
an archaic society could not even dream of. The serf did not live in his lord’s 
house, except if he or she happened to be one of the service personnel of the 
house. Otherwise the serf and his family lived in a feudal village clustered 
around the castle. The labour tax he owed to the lord was limited by a 
contract, and he and his family did not belong, body and soul, to the feudal 
lord like a slave and his family belonged to their master. 

Yet the continental feudal society was also in Western Europe a typical 
two-class society, just like the archaic slave empires had been, only with lesser 
hierarchy within and between classes. A serf was not permitted to move from 
his/her village, or to choose his/her feudal lord. The first night’s right of the 
latter with his villains’ daughters, for instance, reminds us that there were 
personal humiliations and violations of the right of self-determination, even 
in the most private domains of life, still considered more or less normal. All 
this despite the common Christian belief in the equality of human beings 
before God. 

— Common Christian faith as a guarantee of the contracts. Christianity 
and its egalitarianism did have a great significance in creating the general 
awe felt in front of contracts in a Western feudal society. The feudal contracts 
had to be enforced on oath before God. When Pipin Petit in AD 751 wanted 
to take the crown and depose the last and weak Meroving king, he had to 
ask the Pope to settle who was to be king — ”he who had the power or 
he who had the name”. The Pope of course gave the desired answer, after 
which the Franks could appeal to the ’will of Heaven’ and enthrone the new 
king. The fact that the Pope was invoked to settle such an urgent question 
concerning the state indicates the power of Christian faith at the time. The 
religious hierarchy that interlaced the feudal state was an important element 
in Western feudalism. It provided the divine support of the contracts and 
of the whole feudal system. 

— The classless people in Western feudalism. Even in continental feudal- 
ism there were some people who did not actually belong to either of the two 
social classes. These people were neither nobles nor serfs. They were mainly 
town-dwellers engaged in handicraft and trade, not forgetting lower clerics 
who certainly could not be counted among the members of the upper class, 
but rather were important links between the nobles and the lower echelons 
of society. Since people living in cities, especially those in major ports, were 
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the first to encounter new technological discoveries or improvements in the 
market system, they were well placed to have a good share of the increased 
material welfare. 

— The beginning freedom in cities. On the other hand, as the feudal 
power was based on landed property and military escapades, it had little 
interest in city life. Accordingly liberties permitted to the cities that would 
have been unthinkable in the countryside. The main ports were even allowed 
a far-reaching autonomy in local issues. Hence much of the intellectual life 
outside the king’s court was centred in cities. They had also a remarkable 
economic significance as centres of trade. Still the city bourgeoisie in feu- 
dalism never gained the control, nor even any notable position of power, in 
matters of state. The state remained firmly in the hands of the king and the 
nobles. 

Conclusions from Section 31: 

The enlivened intellectual and commercial life centred in the 
cities were the main factors of budding economic growth in West- 
European feudalism. For the first time in social history the eco- 
nomic progress and relaxed social hierarchy showed their mutu- 
ally fruitful relationship, in accordance with the Law of Increas- 
ing Individual Freedom, especially in the autonomous cities. 



32. The Birth of the Middle Class and Local Democracy 
in Medieval England 

Western democracy as we know it today was stepwise developed in that 
part of Europe that was most remote from the archaic empire of Rome and 
thus least under its influence — in Northern Europe and especially in Eng- 
land. The process of gradual development — with no revolutionary outbursts 
— started over there and we can easily follow its first steps in medieval Eng- 
land. 

— The loose tribal system left in local administration. When William the 
Conqueror in 1066 brought continental feudalism to England, it immediately 
took a more relaxed shape. The Normans did not speak English but were a 
tiny French-speaking minority, albeit in control of the state they created over 
there. Their small number and the linguistic barrier effectively impeded their 
mastering of local administration. On the local level these circumstances 
compelled them to leave the reins, partially, in the hands of the Anglo-Saxon 
gentry. They bought them by allowing them to become Tree-holders’, who 




214 



WORLD HISTORY REVISITED 



kept their land property. But this meant creating a class of land-owning 
people who were not nobles — an unheard-of situation in any continental 
feudal state. 

But the Anglo-Saxon social order that was left to prevail in local matters, 
was largely an old tribal government with its rather undeveloped hierarchy, 
and much less influenced by the Roman power than were its counterparts in 
Germany or in Gaul (later to be a part of the state of France). England after 
all had been a distant province that the Roman hierarchy could never subdue 
to the same extent that had been possible on the Continent. Furthermore, 
the Anglo-Saxons themselves were newcomers to England, and met there 
only the remnants of a weakening Roman power. 

All this adds up to the fact that the Anglo-Saxon social order, left to dom- 
inate the local administration in feudal England, was much less hierarchical, 
and permitted much more space for local initiative, than any administration 
known in continental feudalism. Thus the Anglo-Saxon local administration 
became the germ out of which political democracy in the Western sense was 
to evolve and gradually to extend to matters of the state as well. Not co- 
incidentally similar forms of early political democracy, though on a smaller 
scale, were simultaneously (or even earlier) developing in Scandinavia and 
in Iceland. Indeed both of them had been even more remote to the power 
centres of the West-European and East-European slave empires, but still 
close enough to the Mediterranean civilization to feel the pull of the new 
technology and seafaring. 

— The Institution of Justice of the Peace and juries. What did the local 
government in medieval England look like? The main thing of course was 
the very existence of autonomous local government in the countryside, and 
not only in the cities as on the Continent. The old division of the country 
into shires was retained. In each shire the sheriff (from the word shiregerefa 
— shire count), appointed by the king, supervised both the most important 
tasks of local administration, viz. justice and the collection of taxes. Once 
a month there was a meeting in each shire, with the sheriff in the chair, in 
which every Anglo-Saxon freeholder of the shire — as well as the Norman 
gentry — had the right to participate. In these meetings decisions were made 
upon such issues of local administration as general law and order, taking care 
of the roads, etc. 

More important still was the institution of Justices of the Peace and 
juries for the dispensation of justice in criminal as well as civil cases. Here 
again local freeholders had the decisive say. The juries were composed of 
free laymen who had to bring all the locally known aspects of a case to the 
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knowledge of the judge. The latter was initially either the sheriff or a Justice 
of the Peace. Since the reign of Henry II (1154-1189) a system of itinerant 
judge was created, in which a judge sent by the king beared the cases. The 
possibility offered by the membership injuries permitted people to stand up 
for themselves and for their neighbours in front of the king’s judges. This 
tended to revive interest in individual initiative on the local level. 

— The formation of the middle class. Add to the above elements the 
invigorating influence of autonomy and lively trade in great cities, London 
in particular, and you have mentioned the main factors that made possible 
the birth of the English middle class, the first in the world. The seed out 
of which the middle class was to grow was a compound consisting of Anglo- 
Saxon freeholders, lower Norman gentry living in the countryside, and the 
city bourgeoisie. What united them as a class was their local power. 

It is interesting to follow how this compound of various elements gradu- 
ally gained a share in political power too. The position of a Norman king in 
England as the leader of a minority speaking a foreign language was precar- 
ious from the very beginning of the Norman reign. The times being what 
they were, the king was incessantly at war with his continental neighbours. 
Thus it was constantly necessary to resort to feudal levy, both in the form 
of heavy taxes and by taking men as soldiers for the army. But this made it 
also possible for people in the shires to set conditions for their cowork with 
the king. In this way they gradually grasped more and more political power 
in England. 

— Magna Charta (1215). It only took an arbitrary and murderous king 
to upset the vassals, and the Anglo-Saxon population was ready to rally 
under their leadership against the king. Such a king was John, called Lack- 
land, a son of Henry II, who governed England in 1199-1216 after his elder 
brother Richard. A conspiracy led by the archbishop of Canterbury, Stephen 
Langton, formed an army and encircled the deserted king, compelling him 
on 15 June 1215, on an island in the Thames opposite to the now famous 
meadow of Runnymede, to sign the document known as Magna Charta. 

Or was it remarkable? There are notable historians, among them Win- 
ston Churchill^, who are inclined to consider the significance of Magna 
Charta as overemphasized. Just a paper, they say, with a lot of beautiful 
words on it, but not of much consequence in realpolitik. But these historians 
seem to overlook the great significance of the Western feudal tradition of 
political contracts between the rulers and the reigned. 

^Winston Churchill, A History of the English-speaking Peoples, Vol.I. 1956. 
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Therefore it is worth while to list some points of the contents of Magna 
Charta, even though several of them were seriously violated during the fol- 
lowing centuries. One of the most important things declared in this doc- 
ument was — as it proved — the fairly permanent shift of power from the 
king to the king’s council insofar that henceforth the king had to have the 
council’s consent to the collection of taxes that were necessary for raising 
and equipping an army. Considering the fact that waging a war was a feudal 
king’s principal right and occupation this was not a small transfer of power. 
The king’s council was composed mostly of throne vassals called peers and 
the highest clerics. Indeed the king’s council was able to hold firmly to this 
handle of power in medieval England, which made it the germ of the English 
parliament, or rather the House of Lords. 

The city of London and other town communes that had taken part in 
the rebellion also got important rights with Magna Charta. But in addition 
to the reshuffle of power the document also contained some curious, never 
before heard-of declarations of general human rights. Among them was the 
right of free men (i.e. city people, free-holders, tradesmen and craftsmen, in 
addition to nobles) to move freely in the country. This however did not yet 
apply to serfs. The clause 42 proclaimed the right of a free man to be tried 
according to the law of the country as interpreted by his equals (a reference 
to the system of juries). This clause is the first attempt at a separation of 
juridical from executive power. It implied, and even stated explicitly, that 
a free man could no more be arbitrarily detained, or declared an outlaw, or 
deported from the country, nor could his property be confiscated, by the king 
or his men without the verdict of a lawful jury. This was the starting point 
of the Anglo-Saxon human rights^ later more or less spread as a principle 
respected all over the world. 

Conclusions from Section 31: 

The appearance of a middle class and its genuine power in local 
administration were the first symptoms of Western democracy in 
the modern sense. This is how social hierarchy was decreased and 
the level of individual freedom increased in medieval England, 
while the technological level improved in agriculture as shown by 
the yield ratios a = 5 and a = 6 that were reached in English 
feudalism toward the end of 15th century, in agreement with the 
Law of Increasing Individual Freedom in growth societies. 
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33. The End of Feudalism and the Increased Economic Growth 
in England 

1. Medieval English parliament. Ever since Magna Charta the 
Norman king of England had to ask, in principle at least, for the consent of 
the highest nobility whenever he wanted men and arms for a war. At any 
time when the king and the nobility were at odds, both sides tended to seek 
the support of the lower gentry and other free people who mattered in local 
administration. This implied further concessions in favour of the latter. 

— The subsequent extensions of the king’s council. In 1252 the king^s 
council was composed of 74 members of gentry, two from each 37 counties. 
In 1261 some representatives of the greatest cities were enrolled. In 1291 this 
was extended to include two representatives from every city. In 1301 Edward 
I made further concessions in the central issue of power by stating that the 
king could not plead ’urgent necessity’ as a reason for imposing taxation 
without the consent of the council. This, even Churchill admits, meant that 
”a long stride had been taken toward the dependence of the Crown upon 
Parliamentary grants” (Churchill, ibid., p.233). 

— The king’s parliament. In 1341, finally, the members of the gentry 
and the cities in the king’s council were qualified to form their own House 
of Commons, as distinct from the House of Lords. This was not only the 
birth of the English parliament with its two chambers, but it also meant 
the establishment of the English middle class as a separate entity having the 
House of Commons as its own organ of political power. This was the birth 
of a genuine 3-class society, but not more than that as yet. 

What was the power wielded by this medieval parliament? From the very 
beginning it was legislative by nature. But the king, not the parliament, was 
the highest organ of power. The king held the executive power until 1689, 
that is, until the creation of modern parliamentarism, in which government is 
responsible to the parliament. Even Magna Charta had contained a reference 
to such an arrangement, but it remained a dead letter over four centuries. 
Medieval parliament was in fact, and until the age of Edward I in name 
as well the ’King’s Parliament’. The king could convene the parliament 
whenever he liked, but usually because of wars he was compelled to do that 
once or even twice a year, but only for some weeks at a time. 

Both chambers had the right of initiative in legislative matters. After a 
parliamentary discussion the king undersigned the motion, if carried. The 
final text of an Act was at first compiled in the House of Lords, but from 
the end of 15th century the House of Commons wrote the text, whose words 
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could not be altered. 

The freedom of speech in political issues was, as a matter of course, 
confined within the walls of the Parliament. The House of Lords had this 
liberty on its own right, as the successor of the former king’s council. The 
House of Commons formally asked the king for the right of free speech each 
time when the Parliament congregated. The right was then solemnly granted 
by the king. On the other hand, the king was allowed to know — or to pretend 
to know — of the parliamentary discussions only what was formally reported 
to him by the Chancellor of the House of Lords and his counterpart in the 
House of Commons, the Speaker. 

Its is surprising that all these gentle habits were preserved, and to a 
certain extent respected, through all the violent war games of 14th and 
15th centuries. Just to remind that the medieval England — despite her 
more developed system of social contracts — was no exception amidst an 
extremely violent and cruel age, we can quote Churchill on how Edward II 
met his final fate in 1327: ”His screams as his bowels were burnt out by 
red-hot irons passed into his body were heard outside the prison walls, and 
awoke grim echoes which were long unstilled” (Churchill, ibid., p.251). 

But the elements of political democracy survived over this and many 
other violent scenes. Better times were nigh. During the Lancastrian rule 
(1399-1461) medieval parliament blossomed as never before. The general 
interest in its work was reflected in the epiteths given to the parliaments 
that convened in the period: ’the Good Parliament’, ’the Mad Parliament’, 
’the Merciless Parliament’. During this time parliament began to follow the 
expenditure of taxes, and to receive accounts from the officers of the state 
for that purpose. This was an important step taken towards parliamentary 
control of the executive power, which was not to be fully realized until much 
later, in 1689. 

2. The rise of independent farmers and city bourgeoisie. During 
14th and 15th centuries feudal serfdom, which had not even truly began in 
Russia, was already coming to an end in the most advanced country of the 
time, England. Because of the many wars between feudal kings, peasants 
had a rising price as soldiers, and they were able to make themselves tenants 
and, especially in England, even to buy land thus becoming ’yeomen’ or 
’franklins’, joining the middle class. 

The process was precipitated by the plague, which arrived in England in 
1348 and quickly reduced the total population of 4 million to half of that. 
The value of labour force increased, and many peasants could now change 




END OF FEUDALISM AND INCREASED ECONOMIC GROWTH 219 



their labour tax to wages payable in money. As the shortage of manpower 
was continuous, their wages grew all the time. 

— The first egalitarian movement In this situation a new religious move- 
ment appeared preaching egalitarianism. Its leader was the ’first Puritan’ 
John Wicliffe (1324-1384), a professor of theology at Oxford. He took his 
lead from the Bible, and turned against the worldly hunger for power that he 
thought had got a grip on the Catholic Church and its priests. Together with 
friends he translated the Bible to English, the language of the people. With 
this Old Vulgata in their hands waves of poor priests now surged over the 
country disseminating their early Protestant message. They found an eager 
audience among the newly liberated yeomen in particular. A new clerical 
party was established, called the Lollardians, which also demanded a land 
reform from the Parliament. 

One of the Wicliffean ’poor priests’ called John Ball became famous with 
his song 

Whan Adam delfe and Eve span. 

Who was than a gentleman, 

sang to the tune of an ever since well-known popular melody. 

— The first revolts of peasants. In 1339 the Hundred Years’ War between 
England and France began, finally ended in 1453. It increased in many ways 
the price of soldiers and the self-esteem of peasants. In 1381 a rebellion of 
peasants under the leadership of Wat Tyler burst out and required the abro- 
gation of serfdom in England. The king Richard II (1377-1399) was forced to 
give charters that granted the freedom of peasants, but they were withdrawn 
after the revolt had been crushed and its leaders beheaded. However in the 
situation in England, where the middle class was emerging and feudalism 
coming to and end, these events rather improved the social position of peas- 
ants. (Things were different in France, where a similar uprising of peasants 
called La Jacquerie was in 1358 ruthlessly routed, with severe consequences 
for the defeated peasants.) 

— The first country of independent farmers. The Norman nobility was 
badly impoverished. In the War of the Roses (1455-1485) between the white 
rose of the York family and the red rose of the Lancasters it almost en- 
tirely exterminated itself, leaving one million dead — one third of the total 
population at that time — with some eighty royal princes in that number. 
The reign of the York family (1466-1485) was a violent time, and when the 
war ended in 1485 and the first Tudor, Henry VII (1485-1509), rose to the 
throne, both feudal lord and serf had become rare animals. The Tudors 
were to favour the formation of independent peasantry. Later, there was 
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again to be nobility with landed property, but never again fiefs and serfs. 
The political power of feudal lords, and herewith feudalism itself, was over 
in England. Thus England became the first country in the world to have a 
class of independent farmers. 

— The economic growth and the rise of city bourgeoisie. During the 16th 
century the yield obtained in England doubled, as the yeomen now them- 
selves owned the land they were tilling, and of course were more interested 
than before to introduce better technology and more efficient working habits. 
At the same time however England was really engaging in world trade. As 
a consquence of increased commercial exchange the prices of some goods 
rose sixfold. This produced an inflation and a lot of people were reduced 
to beggary and vagabondage. Even many yeomen on their newly acquired 
small estates were hard up. Who was the winner, then? 

The answer is: the city bourgeoisie. London and other English ports had 
become starting points for those daring escapades that took English traders 
and pirates all over the world, and back again with their ships full of wares 
from distant countries. Even inland England developed an article for which 
there seemed to be an increasing demand in world trade: wool. Vast areas of 
fields were turned to pastures, and the wealth gathered from wool and other 
trade began to accumulate in the hands of the city bourgeoisie and the new 
landowners. It was transformed into capital invested in all the promising 
economic pursuits offered by the broadening commercial perspectives. In the 
glorious age of the last Tudor, Elizabeth I (1558-1603), England defeated the 
Armada of Spain in 1588 and became a sea power on a world scale. England’s 
first colony in North America, Virginia, was founded in 1584. The East India 
Company was constituted in 1599. Sea routes were opened both westward 
and eastward. Britain was not yet the only one to rule the waves but she 
was already one of them. 

Conclusions from Section 32: 

The ever increasing influence of commoners in the medieval En- 
glish parliament since 13th century paved the way for egalitarian 
movements and revolts, which in 15th century led to the end of 
feudalism and in 16th century to a rise of free city bourgeoisie and 
to economic growth on a scale never seen before. The parallelity 
of economic growth and increased level of individual freedom is 
here beautifully shown, as predicted by the Law of Increasing 
Individual Freedom in growth societies. 
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34. The Birth of Western Parliamentarism 
and Freedom of Speech in England 

1. A revolutionary situation: the first in the world. Even in 
England the newly started brisk economic growth in 16th century with lin- 
gering power hierarchy produced a revolutionary situation early in the next 
century. This indeed is a lawful phenomenon discussed in entropy terms as 
one of the crises of governability: unnecessary hierarchy appears (cf. Fig. 27). 
After all while the economy improved dramatically, the sovereign’s power re- 
mained. As mentioned before, the Protestant movement in England, which 
had started in 14th century already, was not only a revolt against the cleri- 
cal power of the Catholic Church but had also secular egalitarian ends. The 
religious tradition of Wickliffe and the Lollardians was going strong among 
the new classes of yeomen and bourgeoisie. It emphasized not only the nec- 
essary Christian purity in everyone’s everyday life but also the dignitity of 
every human being. No one was to be feared but God. These Puritans had 
the majority in the House of Commons in the Elizabethan era already, but 
they did not turn against the queen. However, the establishment in 1562 of 
the new Church of England, though it was not Catholic but Episcopal, soon 
raised the wrath of the Puritans. They regarded it, and the High Churchmen 
leading it, as one further attempt at priestly power. 

To the religious outrage a very real secular threat was added by the kings, 
who in 16th century England strived for absolute power. The first of them 
and nearest to success was the second Tudor, Henry VIII (1509-1547). The 
attempts at absolute power brought into English political life similar features 
as elsewhere — these features are universal. It is well known that Henry 
VIII, and to some extent his father before him, set up a network of spies and 
informers. The king let it be declared in churches all over the country, in 
March 1534, that now he required the absolute loyalty of all citizens, ’’Henry 
VIII being immediately next unto God, the only and supreme head of the 
Catholic Church of England, and Anne his wife, and Elizabeth daughter and 
heir to them both, our Princess”. The pronouncement of malicious words 
about the king was made high treason. Churchill remarks (ibid., Vol.2, p.51): 
”As the brutality of the reign increased many hundreds were to be hanged, 
disembowelled and quartered on these grounds.” 

Out of these elements an open political conflict, with deep religious un- 
dertones, developed during the first period of the reign of the Stuarts (1603- 
1649). The Anglican Church, under the leadership of its arrogant archbishop 
Laud, proved to be more priestly than the Catholic Church had been. It 
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rallied tightly around the royal autocracy, which it declared to have been 
confirmed by God. However, the classical revolutionary situation in Eng- 
land never developed a full social revolution but was controlled by the there 
existing element of parliamentarism. During the Personal Rule of Charles I 
(1600-1649), an enlightened autocrat, the Parliament was not convened for 
eleven years, but when it at last was, in April 1641, it carried the Triennal 
Bill that provided for the summoning of the Parliament at least once every 
three years. In fact it made itself in practice undismissable, and this ’Long 
Parliament’ sat from 1640 until 1653. Then it was displaced by the new 
compensating hierarchy (cf. Section 27, paragraph (5), and Fig. 28) build up 
in this English quasi-revolution in the form of Oliver Cromwell’s dictatorial 
regime. But this time, and the period up to 1689, was deeper down the 
formative era of modern parliamentarism and needs a closer examination. 

2. The civil war in the English way: between two parliamentary 
parties. The Puritans, with their leader Pym, were the prevailing force in 
the Parliament, while the High Churchmen dominated the court. When the 
Parliament in a new bill called ’Grand Remonstrance’ challenged the whole 
executive power of the king, the religious grouping of the impending conflict 
Wcis clear. The Puritans became known as the Roundheads, while those who 
rallied around the king were called the Cavaliers. 

In social terms the parties of the ensuing civil war are harder to define. 
The new classes of merchants and manufacturers, and a substantial part of 
tenant-farmers in some counties, were claiming a share of political power. 
”Yet when the alignment of the parties on the outbreak of the Civil War 
is surveyed, no simple divisions are to be found. Brother fought against 
brother, father against son ... The gentry and yeomen in the counties were 
deeply divided. Those nearer to London generally inclined to Parliament, 
while the North and the West remained largely Royalists. Both sides fought 
in the name of the King, and both upheld the Parliamentary institution.” 
(Churchill, ibid., Vol.2, p. 185-186.) 

Such a dispute is not a Marxist class war, in which one class wants to 
annihilate another, but rather a controversy between two opposite politics in 
an advanced society, as described in entropy terms in Section 27 (paragraph 
3). In this conflict the Puritans stood for what must be considered as a 
radical cause, as they initially at least wanted to decrease the hierarchy of 
power. The Royalists clearly opposed this and supported the existing hier- 
archy, thus representing the conservative force. But since parliamentarism 
in the modern sense was not yet there, the dispute had to be settled in the 
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feudal way, by arms. 

In the English civil war (1642-1648), unique in history and best charac- 
terized as one between two parliamentary parties, neither of them extreme, 
the fortune of war was now on this side and then on the other. But the 
Puritans triumphed in the end. 

3. The short-lived dictatorship of Oliver Cromwell. The victory 
of the Puritans was rather accidental and had nothing of the Marxist ’histor- 
ical necessity’ about it. The Royalists could have won as well. But the way 
in which one side won was more significant than the name of the victorious 
side. One of the warlords of the latter, later their supreme chief, obtained an 
enormous personal power in the Puritan party. This man, Oliver Cromwell, 
was to set up in 1653-1658 the closest to a totalitarian regime that ever ap- 
peared in the history of the English speaking nations. However Cromwell’s 
dictatorship was not totalitarianism proper such as Hitler’s or Stalin’s was to 
be. ’’Nevertheless the dictatorship of Cromwell differed in many ways from 
modern patterns. Although the Press was gagged and the Royalists ill-used, 
although judges were intimidated and local privileges curtailed, there was al- 
ways an effective vocal opposition, led by convinced Republicans. There was 
no attempt to make a party around the personality of the Dictator, still less 
to make a party state ... Few people were put to death for political crimes, 
and no one was cast into indefinite bondage without trial.” (Churchill, ibid., 
Vol.2, p.250.) 

Still some typical totalitarian characteristics appeared. The observance 
of Puritan ethics was controlled by similar means as a ’counter-revolutionary 
action’ in secular types of totalitarianism: ’’Soldiers were sent round Lon- 
don on Christmas Day before dinner-time to enter private houses without 
warrants and seize meat cooking in all kitchens and ovens. Everywhere was 
prying and spying ... All over the country, the May-poles were hewn down, 
lest old village dances around them should lead to immorality or at least 
to levity ... sumptuary laws sought to remove all ornaments from male and 
female attire.” (Churchill, ibid., Vol.2, p.248.) 

Hypocrisy was an inevitable consequence and, in promoting one’s career, 
speeches garnished by phrases from the Old Testament were useful, just as 
some centuries later Marxist phraseology was in some other parts of the 
world. But it soon appeared that in England, with its battered but vital 
democratic institutions, the quasi-totalitarian regime of Cromwell became 
one of the shortest-lived of all totalitarianisms. ”To the mass of the nation, 
the rule of Cromwell manifested itself in the form of numberless and mis- 




224 



WORLD HISTORY REVISITED 



erable petty tyrannies, and thus became hated as no Government has ever 
been in England before or since.” (Churchill, ibid., Vol.2, p.l49.) 

4. The governing parliament and the period of industrializa- 
tion. On the death of Cromwell in 1658 the Puritan ideology had exhausted 
much of its popular appeal, and the parliamentary tide brought the oppo- 
sition to power. The Cavalier Parliament (1660-1678), the longest in the 
history of England, saw to it that no concentration of military power was 
possible, that the Church of England was now ’by law established’ and the 
only one to be taught in schools and universities (since 1662). Furthermore 
the parliament took care of the control of finances, thus bringing the re- 
sponsability of the cabinet to parliament closer than ever before. Thus the 
Puritan ’’revolution”, although it produced a civil war, after all proved to 
be only a violent excess in a normal parliamentary movement, during the 
course of which each of the two parties were able to govern the country. 

Indeed the Cavalier and Roundhead traditions, born out of the war, were 
to dominate the English political scene and gave birth to the two opposite 
parties called the Tories and the Whigs, respectively. This is the first his- 
torical example of the conservative/radical division, which according to the 
Law of Requisite Hierarchy must exist in a governable society (cf. Section 
27, paragraph 3, and Fig. 25). The word ’Tory’ and ’Whig’ were used as po- 
litical labels for the first time during 1679 and 1680, and henceforth politics 
in England were exercised in secular rather than religious terms. 

After the formative period, say 1640-1680, of the two opposite parlia- 
mentary forces in England — and after the last Catholic king of England, 
James II Stuart (1685-1688) had made his hopeless attempt to bring the 
English governmental system down to the 2-class model of continental feu- 
dalism — the establishment in 1689 of modern parliamentary power in Eng- 
land was only a formal final act. Some melodramatic histrionics, like Prince 
William’s bloodless war, were between November 1688 and February 1689 
involved even in this English ’’revolution”, but on the whole it all went 
smoothly. 

Ever since 1689 accordingly England has had a parliamentary system 
of government in the modern sense. In such a system the highest organ of 
executive power, the cabinet of ministers, is responsible to parliament. The 
following alternation of power between the two opposite political forces kept 
England now safely governable and was paralleled by the rapid economic 
growth sometimes called the ’industrial revolution’. 

For once again, as predicted by the Law of Increasing Individual Free- 
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dom, the substantial relaxation of the old hierarchy of power involved in 
the establishment of the new parliamentary system triggered a tremendous 
amount of individual activity — both economic and intellectual. The ’pri- 
mary accumulation of capital’ that had started with the wool trade back in 
16th century was pushed on by new means. The merchants and land-owners 
that now dominated the House of Commons used appropriate legislative 
measures to enforce yeomen to sell their land on terms favourable to the 
new owners, viz. those same merchants and land-owners. The capital so 
obtained was invested in trade and industrial enterprises. Since mid- 18th 
century they were greatly encouraged by many technological innovations: 
the spinning jenny, steam machines and others. The yeomen deprived of 
their land moved to cities to work in expanding manufacture. 

The darker part of this period of industrialization is well known from 
the books of Charles Dickens (1812-1870). It created the first city slums 
and a (minor) part of the city population fell into extreme poverty, not yet 
alleviated by the measures of a welfare state. But the economic situation of 
the majority of the English population was greatly improved in this period. 
The period of industrialization and primary capital formation, say from the 
bourgeois takeover in 1689 until mid-19th century, made England the number 
one in the world in wealth and power. England was the first industrial 
society. The average standard of living rose briskly, and the population 
more than doubled during 18th century. The population of England and 
Wales taken together increased from 5 134 516 in 1700 to 6 039 684 in 1750 
and to over 13 million in 1800. Unlike in the case of Russia this growth 
of population was not due to expansion of the cultivated area but to the 
endogeneous economic growth produced by industrialization. 

5. The real birth of human rights and freedom of speech. The 
Habeas Corpus Act in 1679, passed just on the threshold of the bourgeois era, 
reinforced the right of every citizen to have a public trial before a jury, and 
not to be arbitrarily arrested (both of them ideas expressed in Magna Charta 
already but often left dead letters). The rise to power of the bourgeoisie in 
1689 was accompanied by the Declaration of Rights, which confirmed the 
human rights claimed in Magna Charta and henceforth supported by an 
increasing political force. 

The censorship of books, pamphlets and journals prior to their publi- 
cation was abolished in 1679, but this did not still bear on parliamentary 
speeches. The ban on reporting them in public was lifted first in 1763, in 
connection with the famous Wilkes affair, in which John Wilkes — the ed- 
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itor of a journal called North Briton — deliberately violated the law and 
Wets temporarily detained until a popular protest forced the Parliament to 
change the law. As a consequence of this event the free press in the West- 
ern sense, entitled to criticize power-holders without being punished for it, 
was born. Between 1782 and 1789 The Times, The Morning Chronicle and 
The Morning Post started their careers as prominent representatives of the 
’third state power’. In this way an important new stage was reached in hu- 
man emancipation, and the freedom of speech in its modern Western sense 
was launched on its stony path. 

Early milestones of the workers’ movement were the People’s Charter 
in 1831, demanding general suffrage and secret general elections, and the 
establishment in 1884 of the Fabian Society. If — as far as general suffrage 
is concerned — the English political system was slow to catch up with the 
democratic achievements of the French Revolution, the English trade union 
movement showed the way to other peoples. After the World War I the 
Labour Party, built up as the political arm of the unions, took the role of the 
radical political force in the English parliamentarism. Instead of launching 
a social revolution it became an established part of the English political 
system, thus attesting to its strength — finally to develop its own bureacracy 
and hierarchy giving way to a new kind of radicalism to democratize the 
union movement itself. But this is the normal course of social history, as 
correctly described by the entropy laws of individual freedom. 

The forefront of the parallel economic and political progress in the world 
had by the end of 19th century already moved to the United States of Amer- 
ica, where its mainly Anglo-Saxon population brought all the advantages of 
the English 2-party political system. 

Conclusions from Section 33: 

The English history since the 16th century can be seen as a fur- 
ther confirmation of the entropy laws of individual freedom. First 
the increased economic growth produced a revolutionary situa- 
tion, where unnecessary hierarchy was born. It was eliminated 
by a burst of individual liberties, which in England however — 
because of its less hierarchical prehistory — did not develop to a 
full-scale social revolution but produced a civil war, the winning 
side of which established the compensatory hierarchy preventing 
anarchy. This Cromwell period did not last long, and afterwards 
the least hierarchical parliamentary system of the modern type 
was created, and herewith a permanently governable society. 
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35. The Delayed Development on the Continental Europe 

On the European continent history took a different course. Because of 
its more hierarchical feudal societies, some of these societies were led into 
the abyss of a full-scale social revolution with all of its detrimental after- 
effects. The severity of the after-effects depended on the depth and rigidity 
of the preceding hierarchy, as predicted by the entropy laws. The leader of 
continental social development was France. 

1. The lingering Richelieu hierarchy in France. If ever there was 
an intelligent king, Louis XIII (1601-1643), much underestimated by most 
historians, was one. He was the only feudal king who understood to keep a 
brilliant prime minister in office all his adult life. This brilliant man, who 
in intellect by far overcame all contemporary politicians in any country, has 
been mostly known as Cardinal Richelieu, by personal name Armand Jean du 
Plessis (1585-1642). But those were still feudal times in continental Europe, 
and the greatest goal of every feudal king and his helpers was to reach the 
greatest possible glory and power. So this was what Richelieu chose to do: 
to serve the glory of France and make it the greatest power in Europe. 

Given his many superior talents he was successful over any expectations. 
France became the leading power in the continental Europe in an era that 
began in 17th century and ended with the defeat of Napoleon I in Waterloo 
in 1815. The success of Richelieu is the good news, at least from a francophile 
point of view. The bad news is that the price was heavy. To achieve his 
goals and establish France as the leading power Richelieu had to maintain 
a rigid feudal hierarchy, which soon developed to an autocracy and lasted 
over centuries, and finally in 1789 evoked a full-scale social revolution, as we 
know. 

As a consequence of the lingering feudal hierarchy feudal society in France 
lasted 300 years longer than in England. The continental feudalism retained 
its rigid 2-class structure until the violent end, and was incapable of devel- 
oping a clear-cut middle class as long as feudalism remained. This was the 
situation before Richelieu already. Harder feudalism, harder serfdom. The 
rebellion of French peasants in 1358, known as La Jacquerie, already had 
been a disaster when compared with its English counterpart, Wat Tyler’s 
uprising in 1381. And the Huguenots, as the Protestants were called in 
France, never had the same possibilities in their fight against the Catholic 
Church as their Puritan brothers across the Channel. Nevertheless, in the 
mid- 16th century a quarter of the French population is estimated to have 
been Huguenots, among them a great number of enlightened gentry and 
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bourgeoisie. But the religious wars that started in 1562 and ended with 
the Edict of Nantes in 1598 made it quite plain for the Huguenots that, 
even though at last they were given the right to pursue their religion, they 
would never succeed in persuading the majority of the French people into 
converting to their faith of a less hierarchical type. Finally in 1685, af- 
ter the ruthless persecutiuons by Louis XIV (1638-1715) of the two million 
Huguenots still in the country, even the Edict of Nantes was abrogated, as 
having now become ’’needless”. By that time most of the Huguenots had 
either joined the Catholic Church or fled over to the Netherlands, England, 
or Switzerland. Thus a religious opposition to feudal hierarchy, such as the 
Puritans in England, never had a chance in France. 

This is also why in 18th century, when productivity and technology took 
a great leap forward in Western Europe (see Table 17 and Fig. 30, Section 
28) and the opposition to the old hierarchy at last appeared in France, it 
leaned on a secular philosophy, not on a religious protest as in England. 

2. The Great French Revolution and after. In spite of the be- 
ginning brisk economic growth, autocracy and feudal hierarchy continued in 
France still in 18th century. The combined effect of sudden economic growth 
and persisiting feudal hierarchy produced a genuine revolutionary situation 
toward the end of that century. Under these conditions the entropy laws sug- 
gest a full-scale social revolution (see Section 27 paragraph 5 and Fig. 28), 
and indeed that is what happened. 

The unnecessary hierarchy of the ancien regime (phase 1) was followed 
by an outburst of revolutionary frenzy in 1789 (phase 2), which soon took 
the level of individual freedom over the upper limit of toleration and led 
to a self-destructive anarchy of the terror regime in 1792-1794 (phase 3). 
What followed was the compensative hierarchy (phase 4) started by na- 
tional restoration and later Napoleon. The compensative hierarchy built up 
that comprehensive state machinery that still today is the hallmark — and 
nuisance — of the French administrative system.® 

The Great French Revolution is an excellent example of the unsteady, 
fluctuating course of political development launched by a full-scale revolution 
and appearing also in the after-effects of the Russian Revolution in 1920s 
and 1930s. In France the build-up of compensative hierarchy culminated 
in the truly reactionary reign of Charles X (1824-1830), ended by the July 

® Alexis de Tocqueville (1805-1859) in his book ’The Ancien Regime and the Revolution’ 
in 1856 was the first to indicate the connection between a large state bureaucracy and the 
Jacobin philosophy. 
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’revolution’ in 1830 — not really a social revolution proper but rather an 
installment of a new king by illegitimate means. But Louis Philippe, the 
new king, was not much better and the new reactionary period was not at 
an end until after the February ’Revolution’ in 1848, which established the 
Second Republic — that of the young socialist Louis Blanc and the poet 
Alphonse de Lamartine. This was to last only four years, after which a new 
wave of national enthusiasm helped Napoleon III (1852-1870) to mount the 
throne. Again a new reactionary period followed, which Wcis to perish in the 
bitter defeat of France in the Franco-German war. 

The periodical changes of regime in France between 1824 and 1870 dif- 
fered much from the smooth undulations of parliamentary politics in Eng- 
land. They were nothing of the kind but abrupt reversions of direction, 
now towards autocracy, now back to republic and parliamentary power. The 
Second Republic had restored general suffrage and abolished censorship, but 
with Napoleon III autocracy was back for the third time after the Great Rev- 
olution. It was not until during the Third Republic (1870-1940) that modern 
parliament and Western democracy was established in France, almost 200 
years later than in England. 

3. Revolution passes eastward. However the French society had 
been the most advanced feudal society on the continental Europe. The 
compensative hierarchy that follows lawfully after the bursts of revolutionary 
frenzy never reached in France such draconic forms it took later farther in 
the East, especially in Germany (the Nazi period) and Russia (Stalinism). 

Modern parliamentarism stabilized in Germany and in Italy first in 1945, 
after the 12-years’ Nazi period in Germany (1933-1945) and the 23 years’ 
Fascist power in Italy (1922-1945) terminated in the defeats of the respective 
dictators Adolf Hitler and Benito Mussolini in the World War II. In Spain 
that took place with the death of the dictator Francisco Franco in 1975, 
and in Russia parliamentarism that began after the disintegration of the 
Soviet Union in 1991 is till rather weak. The characteristic delay of political 
democracy when we travel from England to France, from France to Germany 
or Italy, and therefrom further eastwards to Russia, is an indication of the 
more and more hierarchical types of societies encountered on such a journey 
in feudal times. Social hierarchy for instance in Prussian feudalism was 
much stiffer than it ever was in France. That is why the liberal ideas coming 
from France after the Great Revolution never shook the Prussian regime, 
although they enthused academic people in Southern Germany and even in 
Hamburg (Heinrich Heine) or Cologne. 
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United for the first time as a nation by the war effort in 1870-1871 Ger- 
many remained an essentially feudal society. An assertion of stable feudalism 
was the continuation of Bismarck’s government (1862-1890) first in Prussia 
and after 1870 in the united Germany. One has to add that in Bismarck’s 
time also the ’social policitics’ was born in Germany, to serve as an example 
afterwards followed in many other countries. But the first serious threat to 
German feudalism was the birth of German workers’ movement towards the 
end of 19th century, after modern manufacture had started there in mid- 
19th century. Defeat in the World War I encouraged communist uprisings 
in 1919 in Berlin and Munich, both of which stood for a rather small minor- 
ity opinion and were soon defeated. The mainstream German politics still 
was carried out in the spirit of strict nationalism, and the first attempt at 
parliamentarism (1919-1933) was doomed to perish. 

Still farther eastwards and we meet in Russia the start of industrialization 
toward the end of 19th century, especially in 1890s. Thus again, at the 
beginning of 20th century just like at the end of 18th century in France, 
brisk economic growth and persisting social hierarchy created the classical 
revolutionary situation described in entropy terms in Section 27, paragraph 
5, and illustrated in Figs. 27 and 28. 

The appearance of unnecessary hierarchy (phase 1 of the revolution) was 
followed by the period of revolutionary enthusiasm (phase 2) including the 
two revolutions in 1917 and leading to anarchy and excesses in the first years 
after the Bolshevik revolution (phase 3). But the building of compensating 
hierarchy (phase 4) was at once began by Lenin and continued by Stalin in 
still more draconic forms. When exactly Stalinism began — whether from 
the defeat of the ’Left Opposition’ (Trotsky, Kamenev, Zinoviev) in 1929 or 
that of the ’Right Opposition’ (Bukharin, Rykov) in 1930 — is irrelevant. 
The Soviet state that emerged as a compensating hierarchy was totalitarian, 
all-embracing and cruel in a gigantic measures, perhaps never seen after the 
disintegration of the archaic empires of the Middle East. This fourth and 
terrible phase of the Russian Revolution lasted 74 years until it ended in the 
disintegration of the Soviet Union in 1991. One must consider it as one of 
the worst disasters that Europe has experienced after the natural and social 
catastrophe caused by the plague in 14th century. 

4. Delayed development and its disadvantages. If we take the 
delays of the birth of stable modern parliamentarism as quantitative indica- 
tors of the delayed social development in some of the great countries of the 
world, we get the telling numbers given in Table 18. 
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Table 18. 

The Delays in the Establishment of Stable Parliamentarism 
IN Some Large Countries of the World. 



Country 


Year of Establishment 


Delay 


England 


1689 


0 years 


United States 


1789 


100 years 


France 


1870 


181 years 


Germany 


1945 


256 years 


Italy 


1945 


256 years 


India 


1945 


256 years 


Japan 


1945 


256 years 


Spain 


1975 


286 years 


Russia 


1991? 


at least 302 years 


China 


not yet 


at least 306 years 



The number 100 years for the United States is a little misleading, because 
the U.S.A. did not even exist before 1776. Thus a stable parliamentarism 
was established over there only 13 years after the formation of the federal 
state, when the U.S. Constitution was created. As a matter of fact the stable 
parliamentarism was at once transferred from England to its new colonies 
in North America, but those 13 years were needed for the formulation and 
careful elaboration of the division of powers between the federal government. 
Congress and the Supreme Court, characteristic of the American Constitu- 
tion. For India also the year 1935 could be taken: in this year parliamen- 
tarism was brought, by Gandhi and Nehru with an English supervision, to 
each of the provinces of India. But since India as an independent state exists 
only since 1945, the latter year has been mentioned in the above Table. 

We can see that both of the largest Anglo-Saxon countries were far ahead 
of the countries on the European continent in the establishment of stable 
parliamentarism. Both of these countries have traditionally only two large 
political parties, which is maintained mainly by the ’first past the post’ 
principle obeyed in general elections. The original historical reason of the 
birth of 2-party system was of course the English Civil War and its two 
opposite parties. But a 2-party system, combined with the Anglo-Saxon rule 
according to which the winning party at the elections is immediately given 
the governmental power, helps also to make the needed political changes 
smooth and swift. 

On the European continent the delay in the establishment of stable par- 
liamentarism can be seen as partly responsible for the existence of many- 
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party system and proportional representation, characteristic of the Conti- 
nental parliamentarism. The delay offered time for numerous interest groups 
to be born, each of which required to itself part of the political power. Little 
love was wasted between different interest groups, and mutual social loyalty 
between people decreased accordingly. After this history there is no way 
back to a 2-party system on the European continent. This is pity, since 2- 
party system offers not only quicker changes of political power, and thus of 
politics, but it also makes it easier for the parties to keep abreast with time 
and change accordingly the political points they want to make. These advan- 
tages are especially discernible in the two main political parties of the United 
States, where the parties are actually electoral organizations and live mainly 
at electoral times: thus new problems may easily emerge as major themes 
in each new general elections. Outside Europe, North America, Japan and 
India the delay has mostly been still larger than on the continental Europe: 
some societies have even a dictatorship of the archaic type and possibly a 
delay of thousands of years. 

After the World War II the economies of Germany and Japan especially 
have grown quickly, which in view of the Law of Increasing Individual Free- 
dom also implies a rapid and favourable social development in these two 
countries. Thus Germany and Japan must have caught up much of the lead 
of the Anglo-Saxon countries in the development of political democracy. 

Conclusions from Section 34' 

In continental Europe the lingering feudal hierarchy led to an 
unstable revolutionary development (in France and Russia es- 
pecially) when a brisk economic growth started, in accordance 
with the predictions of the entropy laws. Its after-effects further 
delayed the birth of a stable parliamentary system on the Euro- 
pean Continent and were partly responsible for the continental 
proportional representation and many-party system, when the 
parliamentary system finally stabilized. However Germany on 
the European Continent and Japan in the area of the Pacific 
Ocean, together with some smaller countries over there, have 
rapidly developed both in economy and in political democracy 
after the second world war, thus catching up at least some of the 
lead of the large Anglo-Saxon countries. Simultaneously in the 
Third World there are still countries that are close to an archaic 
society, and thus may have a delay of political democracy of over 
thousand years. 
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